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Pee the problem of adult obesity is 
well recognized, it would seem (from even 
the most cursory observation of our pools and 
playgrounds) that the same condition in our 
juvenile population has been generally ignored. 
The obese child’s need for treatment is just as 
great as, if not greater than, the adult’s. In 
spite of the common parental concept of the 
overweight child as ‘healthy’ or “sturdy,” 
it is nonetheless true that juvenile obesity is an 
abnormal condition. The obese child is a 
handicapped child. Physically, he is imme 
diately handicapped because he is often in- 
capable of adequate participation in the 
activities necessary for development into a 
normal adult. He may be permanently handi 
capped if, as frequently happens, his abnormal 
weight gives rise to musculoskeletal disturb- 
ances. Musculoskeletal defects, particularly 
in the lower extremities, are quite common i 
the young obese person. Those most fre- 
quently seen are genu valgum, and weak, 
flat and/or externally rotated feet. Such 
defects almost always exist in children who 
have been obese for any prolonged period of 
time. 

Even more important, however, than the 
physical sequelae is the effect of obesity on the 
child’s personality.1 Leanness may come wi 
maturity, but the impact of long continue 
feelings of inferiority, frustration, and resent 
ment may inflict serious psychic damage. 


The ferociously objective evaluation of the. 


obese child by his juvenile associates, evidenced 
in such nicknames as ‘Lard,’ ‘‘Fatso,’’ and 
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‘“‘Two-Ton,.”’ reflects the environmental malad- 
justment and the consequent unhappiness of 
the obese child. 

It is unfortunate that there is not a more 
general awareness of the importance of treating 
juvenile obesity; for, once his special problems 
have been considered adequately, the obese 
child can be treated more successfully than 
his adult counterpart. In adults, extensive 
psychotherapy is sometimes required to excise 
the psychic scars resulting from prolonged 
obesity. The physician who treats obese 
children may experience the singular satis- 
faction of seeing that the scars do not develop. 
It is the purpose of this paper to report on a 
study made over a three-year period that may 
illustrate—and suggest answers to—the specific 
problems involved in the treatment of obese 
children and adolescents. 


PATIENTS 


This study was conducted on 60 obese 
children (30 boys and 30 girls) selected from 
private practice. Many of these patients 
had been referred because of suspected endo- 
crine imbalance. In most, no endocrinopathy 
was found. The average age of the boys was 
11.1 years (Table I); average weight, 136.5 Ib; 
average excess weight, 43.6 Ib (47.9 per cent 
above average). The average age of the 
girls was 12.2 years (Table I); average weight, 
141.6 lb; average excess weight, 40.8 Ib (42.9 
per cent above average). 

In computing the normal and excess weights 
of the subjects in this study, some tangible 
baseline was desirable. Wilkins’ adaptation 
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TABLE I 
Age Distribution of Children in This Series 
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TABLE II 
Height-Age Deviation 


Girls 


Youngest boy, 5.4 years. 
Oldest boy, 15.1 years. 
Average age, 11.1 years. 


Youngest girl, 5.9 years. 
Oldest girl, 16.3 years. 
Average age, 12.2 years. 


of Englebach’s tables’ seemed best suited to 
this purpose, and all computations of excess 
weight, as expressed either in pounds or per- 
centages, were based on these tables. 

Precise values for ‘‘normal’’ heights and 
weights of individuals of a given age ad- 
mittedly cannot be accepted as valid, except 


if considered as broad averages. No single 
values can be applied as ‘‘normals,” for in- 
dividual variations in muscular development, 
bone structure, and body build preclude such 


exactitude. The figures in Wilkins’ adaptation 
of Englebach’s Tables were used as a baseline to 
demonstrate weight-changes on a relative 
basis, and to stress the significance of weight 
loss in relation to the individual concerned. 
For example, a weight reduction of 10 lb in a 
child whose original weight was 60 Ib is more 
significant than the same loss in one who 
initially weighed 100 Ib. 

In this study, only those children whose 
excess weight was sufficient to interfere with 
physical, developmental, social, or psychologic 
functions were considered obese and in need of 
treatment. 

A statistical analysis of the patients’ height- 
age deviation, again using as a basis Wilkins’ 
adaption of Englebach’s tables,’ disclosed that, 
with few exceptions, the heights of the patients 
were much greater than those expected for 
their age. Both boys and girls were 2.7 


_adrenogenital syndrome. 


Years above 
expected 
height 
0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 


SION 
Blu 


Less than expected aver- 
age height for age 

Average height-age de- 
viation, yrs. 


“years taller’ than the expected average 
height (Table II). 


METHOD 
Examination 


Before treatment was begun, each patient 
received a thorough general medical examina- 
tion. Roentgenographic studies were made to 
determine the degree of bone development, 
epiphyseal maturation, and the characteristics 
of the sella turcica and paranasal sinuses. 
Laboratory studies usually included a com- 
plete blood cell count, sedimentation rate, 
serologic test for syphilis, urinalysis, and 
blood cholesterol determination. In many 
subjects fasting blood sugar and calcium levels 
were determined; in some, glucose tolerance 
and total 17-ketosteroid determinations were 
made. The results of these tests, while im- 
portant in determining the diagnosis and 
treatment for patients who had conditions 
coexistent with obesity, are not included in 
this study because their inclusion would 
unnecessarily complicate the data to be pre- 
sented. As was expected—because of the 
nature of my practice—some of these children 
revealed endocrine abnormalities, such as 
hypothyroidism, hypogenitalism, and the 
In general, neither 
these conditions nor their treatment influenced 
the treatment of obesity per se. It was found, 
however, that weight reduction was more 
difficult in obese children who showed charac- _ 
teristics of anabolic (androgenic) hyperactivity. 


2 
Years Hs 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 


January-February 1957] 


Also, treatment if required, with anabolic 
preparations such as testosterone was usually 
delayed until after the successful completion 
of the reducing regimen. 


Initial Interview 


The first, and quite possibly the most im- 
portant, step in the treatment of obese children 
is the initial interview. At this time it is 
essential for the physician and patient to 
establish a satisfactory rapport, so that the 
desires and interests which might motivate the 
child to cooperate in the treatment may be 
determined. The interview should be un- 
hurried and friendly, and should reflect con- 
cern for, not censure of, the child’s condition. 
First interviews with these patients disclosed 
that the girls (particularly the adolescents) 
could frequently be motivated by the desire 
for improved personal appearance; the boys, 
by a desire for success in athletics. Certain 
children who achieved excellent results re- 
garded the program as a game and gained 
great satisfaction in competing against a 
friend or some member of the family. In 
order for treatment to be a success, it seems 
quite important to find some reason acceptable 
to the young mind for cooperating in the 
dietary regimen. On direct questioning, al- 
most every individual admitted that he or: she 
desired to be of normal weight. 

Diet 

The most important therapeutic item, die- 
tary regulation, was heavily stressed and was 
discussed in considerable detail with both the 
child and the parents. The food eccentricities 
of some children are a formidable barrier to 
successful treatment, a fact that causes many 
physicians to avoid attempting to treat the 
young obese. It is impossible to expect a 
child to eat what are, to him, unpalatable 
foods; but it was found that, through individ- 
ualized acceptable food plans, it was almost 
always possible to adjust the diet to the 
patient without unduly compromising the 
purpose of the regimen. ; 

» A condensed version of the diet most fre- 
quently used is included as part of this paper. 
t is high in protein (108-150 g); low in fat 
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(29-55 g); moderately low in carbohydrate 
(81-93 g). The total caloric value is from 
1025 to 1310 calories. The basic foods ar 
arranged to avoid the taking of rapidly ab- 
sorbable carbohydrates at any time other than 
the evening meal. No fruit or sugars were 
permitted for breakfast orlunch. The patients 
were permitted only those vegetables with 
approximately three per cent carbohydrate 
content; therefore, it was considered un- 
necessary to restrict the variety or quantity of 
vegetables. The most difficult problem to 
overcome was the average child’s desire for 
sweets. The most satisfactory substitutes, in 
addition to fruit, were various gelatin desserts. 
These, and bouillon or consommé, were per- 
mitted for between-meal and bedtime snacks. 
Some patients who complained of constipation 
were instructed to increase their water intake 
and to eat a larger quantity of vegetables. 
Mineral oil salad dressings were occasionally 
advised, with due regard for oil-soluble vitamin 
depletion factors. Rarely was it necessary 
to prescribe additional laxatives. 


Medication 


Anorexigenic drugs were almost alwa 
prescribed, in the belief that the patient who is 
not hungry will be less likely to deviate from 
the diet plan. A fairly wide variety of these 
drugs were used; all were efficacious, but all 
were not equally satisfactory for a specific 
individual. 

During and following this study, Dexedrine 
Sulfate® (brand of dextro-amphetamine sul- 
fate) was found to be a suitable drug, not 
only because of its safe, anorexigenic effect, 
but because its desirable mood action greatly 
facilitated the treatment of these patients. 
At first, many of these children were inclined 
to be rebellious and uncooperative, but they 
became friendly and quite cooperative under 
treatment. Sluggish patients experienced a 
marked increase in the desire for physical 
activity. A companion product combining 
dextro-amphetamine sulfate with a small 
amount of amobarbital (Dexamyl®) seemed 
more satisfactory in a few individuals who 
experienced excessive stimulation from the 
amphetamine alone. 
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The dose varied considerably from patient 
to patient. Asa rule, each patient was started 
on a small dose of the drug—usually 2.5 mg 
twice a day—which was increased when, as 
not infrequently happened, a certain degree 
of tolerance developed. Some patients had a 
quite satisfactory response on this-small dose; 
although most eventually received about 5 
mg three times a day. A few patients re- 
quired 7.5 mg three times a day to achieve the 
desired response. It was stressed that the 
medication should be taken at least an hour 
before the next meal and that the last dose 
should not be taken less than six hours before 
bedtime. There was no doubt that these 
anorexigenic preparations frequently were the 
most important factor in achieving success. 

Thyroid extract was given to some of these 
patients—mnot for weight reduction, but for 
the treatment of hypothyroidism. In no 
instance did thyroid make any apparent differ- 
ence in weight loss per se. 

In a few older patients, particularly those 
showing signs of increased androgen produc- 
tion, it was necessary to reduce the salt intake. 
Ammonium chloride was occasionally pre- 
scribed as adjunctive medication. 

Visits 

An effort was made to have each patient 
visit the physician once a week. It was 
found that those who did this achieved much 
better results than those who came at longer— 
even at two-week— intervals. The treatment, 
once adjusted to individual requirements, was 
never greatly changed, but the patients seemed 
to express the need for the encouragement, 
the occasional admonition, and the close ob- 
servation afforded by regular visits at rela- 
tively short intervals. 


RESULTS 
Weight Loss 


At the time of maximum weight loss, the 
average weight of the boys had dropped from 
an original average weight of 136.5 lb to 117 
Ib; average individual loss, 19.5 lb (27 per 
cent). From an original average weight of 
141.6 Ib, the girls’ average weight at the time 
of maximum loss was 121 lb; average individual 
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loss, 20 it (18.3 per cent). The average 
length of treatment for both groups was four 
months. (Table III). 


TABLE III 
Percentage of Weight Lost During Treatment* 


Boys Girls 
Patients Per Cent Patients 


Per Cent 


5 
8 
8 
5 
2 
2 
0 
30 


Least per cent lost, 7.3 Least per cent lost, 3.5 
Greatest per cent lost, Greatest per cent lost, 
66.4 51.8 


* Calculations based on Wilkin’s adaptation of 
Englebach’s Tables.” 


Though comparison with Englebach’s tables? 
would indicate that the boys still averaged 
20.8 Ib (and the girls 18.3 Ib) above these 
average normals, clinical observations showed 
that most of these children were not over- 
weight for their statures, bone development, 
and muscle structure. 


Other Results 


Aside from the obvious improvement in 
general weight reduction, the regimen resulted 
in a noticeable improvement in posture and 
striking changes in mood. In the belief that 
these results can be best demonstrated graphi- 
cally, several before-and-after photographs 
have been included in this report. 

Improved posture is obvious in photo- 
graphs, Figure 1 and Figure 2. Genu valgum 
was apparent in a number of photographs 
taken at the beginning of treatment. Ex- 
tended periods of observation frequently reveal 
that genu valgum and disorders of the feet 
often tend to correct themselves following 
elimination of obesity and the resumption of 
normal physical activity. 

It is equally obvious (Figs. 1, 2, 3, and 4) 
that the later pictures show striking improve- 
ment in alertness and mood. This improve- 
ment, in many cases, was reflected in improved 


4 

0-10 3 0-10 
10—20 4 10—20 
20-30 12 20-30 
30-40 30-40 
40-50 3 40-50 
50-60 0 50-60 
60-701 60-70 

3 | 


January—February 1957] 


Fig. 1. 
(A) Age: 8.0 yr. 
Height: 52.5 in. 
Weight: 129.0 lb. 
Average normal weight for 
height: 62.6 lb.? 
Estimated 66.4 lb. or 106.0% 
overweight. 


school work, better social and family relation- 
ships, lessened irritability, and a more co- 
operative school and home attitude. 

It was found that photographic records are 
not only of value to the physician but also 


enhance patient interest. They are of great 
value in demonstrating to new patients, and 
to their parents, the obvious benefits to be 
derived from therapy. 


DISCUSSION 


Early in the first year of this study, it be- 
came increasingly apparent that obesity is 
seldom permanently affected by treatment. 
Quite frequently, the patient soon started 
to regain the weight he had lost. Those 
patients in this study who, after weight re- 
duction, continued to return for follow-up 
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Before and after 6 months of treatment. 


(B) Age: 8.5 yr. 
Height: 53.4 in. 
Weight: 91.5 lb. 
Weight loss: 37.5 lb. 


visits, remained at a reasonably satisfactory 
weight level. Those patients who were not 
seen until quite some time after weight re- 
duction, had usually regained some or all of 
the previously lost weight. As this study 
progressed, then, more and more emphasis 
was placed on the necessity for continued, 
long-range supervision. Because of this, many 
patients were spared the discouraging and 
expensive ordeal of returning for intensive 
treatment comparatively soon after they had 
believed themselves ‘“‘cured.’’ In the author’s 
opinion, it is impossible to stress too much the 
importance of follow-up visits at regular inter- 
vals. The interval between the cessation of 
intensive treatment and the first follow-up 
visits should be short (about 4 weeks); after 
this, depending upon the patient, the interval 
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Fig. 2. Before and after 3 months of treatment. 


(A) Age: 11.5 yr. 
Height: 60.5 in. 
Weight: 132.3 lb. 
Average normal 
weight for height: 
95.4 Ib.2 

Estimated 36.9 lb. or 
38.6% overweight. 


between visits may be gradually lengthened. 

The results of this study also suggest that 
those theories which ascribe the basic cause of 
obesity to a mere caloric intake-energy output 
imbalance may be somewhat superficial ex- 
planations of a much more involved physiologic 
process. Excessive eating—undoubtedly the 
immediate cause of obesity—may in itself 
be a symptom of an organically motivated, 
abnormal desire for food. It has been 
suggested* that the anorexigenic effect of 
Dexedrine Sulfate® springs from its inhibi- 
tion of the appetite control center by the 
action of the drug upon the cerebrum, or 
the hypothalamus, or both. There is no 
doubt that anorexigenic drugs are very useful, 
but after a week or two the diet alone fre- 


(B) Age: 11.8 yr. 
Height: 61.0 in. 
Weight: 116.8 lb. 
Weight loss: 15.5 lb. 


quently resulted in such an effective suppres- 
sion of appetite that many patients did not 
desire as much food as they were permitted. 
In planning the diet, consideration was given 
to the probable appetite-stimulating effect of 
rapidly assimilable carbohydrates. 

Obesity has also been described as resulting 
from disturbed emotions or personality de- 
ficiencies. Personality difficulties certainly 
arise and persist with the development of 
obesity ; and this study confirms the impression 
that after the elimination of obesity, the 
personality improvement in children and ado- 
lescents is at least as striking as the change in 
anatomic contour. While it is quite possible 
that psychic unrest causes obesity in many 
adults, one wonders if, in children at least, 
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Fig. 3. Before and after 6 months of treatment. 


(A) Age: 9.7 yr. 
Height: 52.5 in. 
Weight: 100.5 lb. 
Average normal weight for 
height: 62.0 Ib.? 
Estimated 38.5 lb. or 62% 
overweight. 


this theory does not place the cart before 
the horse. 

Whatever the cause of obesity, the necessity 
for its treatment has long been recognized. 
It is hoped that this paper will help extend the 
recognition of this necessity to those members 
of our society who are often seriously handi- 
capped—the obese children. 


SUMMARY 


After pointing out the adverse physical 
and emotional conditions suffered by obese 
children and adolescents, this paper reports a 
study, covering a three-year period, of 60 


obese children—30 boys and 30 girls. The 
average age of the boys was 11.1 years; 
average weight, 136.5 Ib; average excess 
weight, 43.6 Ib. The average age of the girls 
was 12.2 years; average weight, 141.6 Ib; 
average excess weight, 40.8 Ib. 

All patients were thoroughly studied; their 


(B) Age: 10.3 yr. 
Height: 53.0 in. 
Weight: 71.0 lb. 
Weight loss: 29.5 lb. 


examination included extensive laboratory 
tests. Some patients evidenced endocrine 
abnormalities which did not, however, appre- 
ciably interfere with the success of the reducing 
regimen. After interviews designed to pro- 
vide motivation for weight reduction, the 
patients were put on a diet especially prepared 
to cope with individual food eccentricities. 
Anorexigenic agents, and other medications, | 
were prescribed when necessary. Regular 
follow-up visits were encouraged. 

The average length of treatment to the point 
of maximum weight loss was four months. 
At the end of this time, the boys’ average 
individual weight had dropped to 117 Ib 
(average loss, 19.5 Ib); the girls’ average weight 
dropped to 121 Ib (average loss, 20 lb). The 
treatment also resulted in markedly beneficial 
changes in mood and posture. The success of 
the regimen indicates the feasibility of treating 
obese children. 
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Fig. 4. Before and after 5.5 months of treatment. 


(A) Age: 9.1 yr. 
Height: 60.4 in. 
Weight: 136.8 lb. 
Average normal weight for 
height: 91.6 lb.? 
Estimated 45.2 lb. or 
49.3% overweight. 


APPENDIX: DIETARY INSTRUCTIONS FOR PATIENTS 


The diet, which I have used, provides the following: 
Carbo- 
hydrate: 
g 
25-28 
18-20 
38-45 


81-93 


Calories 


Proteins Fats 
& 


14-25 
26-59 5-19 


Breakfast 
Lunch 
Dinner 
Total 


315-390 
260-420 
450-500 


1025-1310 


10-11 
29-55 


62-64 
108-150 


Do not make additions or substitutions unless discussed 
with your physician. Close attention to details will re- 
sult in more rapid weight loss and less stimulation of 
hunger. Foods marked ‘P”’ are those high in protein. 
Do not omit from diet. 


Food not consumed at one meal may be eaten at the 
next or between meals, except toast or bread (breakfast) 
and fruit (dinner). 


Breakfast 


(1) Tomato Juice or Vegetable Cocktail—4 ounces 
(optional). 
P (2) Choice of 
Two eggs (boiled or poached), or 
One egg and one portion of meat, or 
Two portions of meat 


(B) Age: 9.6 yr. 
Height: 61.1 in. 
Weight: 109.8 Ib. 
Weight loss: 27 lb. 


Meat 
Two strips crisp, drained bacon, or 
Two link sausages, well-cooked, or 
One piece any lean meat—2!/2” x 21/2” x 1/4” 
P(3) Milk—Skimmed or buttermilk, 6-8 oz. 

(4) Bread or Toast—Rye or whole wheat (without 
butter). One slice or equivalent. 

(5) Beverage (optional)—Coffee or tea, if normally 
used. No sugar. If sweetening is desired, add 
one Sucaryl® tablet or one '/,-grain saccharine 
tablet. 


Lunch 


(1) Soup (optional)—choice of 
Bouillon (made from bouillon cubes, or canned), 
Consommé, or any clear fat-free broth. 
Vegetable Soup: Add any desired combination 
of 3% vegetables to any clear stock or bouillon. 
May be further fortified by adding plain gelatin 
(such as Knox’s). 
P (2) Milk—Skimmed or buttermilk, 6-8 oz. 
(3) Beverage—Same as breakfast (5) (optional). 
P (4) Meat—Must be lean, 3-4 oz. Preferable to 
broil, roast, bake, or stew. 
Poultry—Any portion except the skin, 5-6 
ounces. 
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Fish—Any variety except fish high in fat, such 
as tuna, albacore, mackerel, swordfish, salmon, 
etc. ‘‘Diet-Pack”’ tuna may be used, 5-6 oz. 
Shellfish—Such as crab, shrimp and lobster, 6-8 
oz. 

P(5) Cheese—May be eaten instead of meat. 11/2-2 
oz. Cottage cheese may be substituted for meat 
on the basis of 2 heaping tablespoons for each 
oz of meat. 
Vegetables and salads—Select from attached 
list. No restrictions as long as 3% vegetables 
only are eaten. Salad Dressings: Do not use 
commercially prepared dressings. No objection 
to vinegar, pepper, salt, mustard or modest 
amounts of lime or lemon juice. Garlic or onion 
may be used. Commercial ‘‘Low Calorie” dress- 
ings may be used. 


(6 


Remember! 
No fruit! 


No additional starch or sugar for lunch. 


Dinner 


(I) Soup (optional)—Same as lunch (1). 
P (2) Meat—Lean, 6-8 ounces; same as lunch (4). 
P (3) Milk—Skimmed or buttermilk, 6-8 oz. 
(4) Salads and uncooked vegetables—Same as for 
lunch (6). 
(5) Vegetables, cooked—Same as for lunch (6). 
(6) Beverages (optional)—Same as breakfast (5). 
(7) Desserts 


a. Fruit—Preferably fresh. Choice of 
2 portions of 6% fruits 
1!/2 portions of 9% fruits 
1 portion of 12% fruits 

See List below. Do not exceed portions as stated. 

b. Gelatin desserts—may be purchased, sweet- 
éned with Sucaryl® or saccharine and flavored 
with fruit extracts. The food value of the 
above is so low that they may be eaten whenever 
desired. 

c. In general, desserts, salads, etc., having not 
more than 15 calories per serving may be 
added; not more than 1 serving per meal. 
Recipes having more than 15 calories per 
serving may be used as dessert provided not 
more than 60 calories are consumed. Use 
instead of fruit. 


Vegetables (Approximately 3% Carbohydrate 
Content) * 


Uncooked Cooked 
Cabbage (cole slaw) Asparagus, fr., cn. 
Cabbage (chinese) Bamboo shoots 
Cauliflower Beans, green or wax, 
Celery fr.,cn. 


* It is not necessary to restrict either quantity or variety 
of the above foods. Uncooked vegetables are preferable 
to cooked. 
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Chard Beet greens 
Cress, garden Broccoli 
Cucumber Cabbage 
Endive Cauliflower fr., cn. 
Lettuce Celery 
Radishes Chard 
Sauerkraut Cucumber (pickles, dill) 
Spinach Mung bean sprouts 
Tomato juice Mustard greens 
Water cress Rhubarb, uns. 
Parsley, chives, green Sauerkraut 
or red peppers. Car- Spinach, fr., cn. 
rots and onions Squash, summer 
(young) may be added Tomatoes, fr., cu. 


to salads but small Turnip tops 


quantities should be 
used. 


Fruits 


Group I (6%) Use 2 portions 

Cantaloupe, spanish or musk- 
melon, fr. 

Honeydew melon, fr. 


Strawberries, fr. 

Blackberries, cn., w.p. 
Watermelon, fr. 

Plums (excl. prunes) cn., w.p. 
Strawberries, w.p. or j.p. 


One portion is: 
1/;—-41/." diameter 
melon 
1” wedge from 7” diam- 
eter melon 
2/3 cup 
cup 
e.p.—2!/_” x 21/2” x 1” 
3 med. 
1/2 cup 


Group II (9%) Use 1!/2 portions 


Blackberries, fr. 
Cranberries, fr. 
Currants, fr. 
Gooseberries, fr. 
Lemon, fr. 


Limes, fr. 

Papayas, fr. 

Tangerines, fr. 

Applesauce, cn. (no sugar) 

Blackberries, cn., j.p. 

Apricots, cn., w.p. 

Blueberries, cn., w.p. 

Cherries, red or white, cn., 
w.p. 

Grapefruit, cn., w.p., j.p. 

Loganberries, cn., w.p. 

Peaches, cn., w.p. 


Pears, cn., W.p. 
Prunes, cn., w.p. 
Raspberries, cn., w.p. 


3/, cup 

1 cup 

1/2 cup 

2/; to 1 cup 

2 lemons—2?/,” long 
(e.p.) 

3 med. (e.p.) 

1/,-5” diameter 

2-2” diameter 

cup 

2/3 cup 

3/, cup 

2/3 cup 


2/; cup 


cup sections 

2/3 cup 
2 medium halves— 
diameter 

2 medium halves 

4 medium 

3/4 cup 


Group III (12%) Use 1 portion 


Apricots, fr. 
Cherries, sour, fr., 
Kumquats, fr. 
Loganberries, fr. 


2—15/,” diameter 
2/3 cup 

5 medium 

3/, cup to 1 cup 
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Mulberries, fr. 
Orange, fr. 


*/3 cup 

1 medium—2!'/,” diam- 
eter 

1 medium—2!/,” diam- 
eter 

2'/2 slices—!/,” thick, 
3” diameter 

3—1'/,” diameter 

3/, cup 

cup 

4 small 

cup 

4 small 

1 small bunch or 2/; 
cup 

cup 

1 medium 

cup 


Peaches, fr. 
Pineapples, fr., cn., w.p. 


Plums, fr. (excl. prunes) 
Raspberries, fr. 

Applesauce cn., j.p. 

Apricots, cn., j.p. 

Cherries, red or white, cn., j.p. 
Figs, cn., w.p. 

Grapes, cn., w.p. 


Loganberries, cn., j.p. 
Pears, cn., j.p. 
Raspberries, cn., j.p. 


Additional Instructions 


Vitamins: This diet may be deficient in Vitamin C 
if sufficient quantities of raw fruits and vegetables are 
not consumed. If these are not eaten, take tablets of 
ascorbic acid (vitamin C) 100 mg, one daily. 
‘“Mixed” or multiple vitamins are unnecessary, but 
may be taken if desired. 


* Abbreviations: med.—medium, e.p.—edible por- 
tion, w.p.—water packed, j.p.—juice packed, fr.— 
fresh, cn.—canned. 


[Vol. 5, No. 1 


Laxatives: If any laxative seems necessary, discuss 
with your physician. 

Salt: The average individual requires no salt re- 
striction for adequate weight loss. If this is necessary, 
you will be advised. 

Beverages and drinks. Do not restrict water. Do not 
use such beverages as “‘colas’’ soda pop, root beer, etc. 
A satisfactory cold beverage may be made with ‘‘Kool- 
Aid” powder, lemon juice or lime juice, sweetened 
with Sucaryl® or saccharine; add plain or carbonated 
water. 


Eat nothing that is not listed above. Consult your phy- 
sician regarding any changes or substitutions. 
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Amino Acid Solutions for Intravenous Use 


THE REDUCED INCIDENCE OF SYSTEMIC REACTIONS 


a or not parenteral amino acids 
are manufactured from bovine plasma, 
casein, blood fibrin, or other sources rarely 
concerns the physician who uses them in his 
clinical practice. He is primarily concerned 
only if the patient obtains a reaction from its 
administration. 

Despite their value in parenteral nutrition, 
amino acid solutions have been slowly ac- 
cepted, a contributory factor being, no doubt, 
the reactions'**®* which occur after admin- 
istration. Individual intolerances to amino 
acids may exist, but on the whole our obser- 
vations have indicated that a rapid rate of 
administration will produce undesirable symp- 
toms in almost every individual. These un- 
desirable symptoms will also disappear quickly 
when the rate of administration is diminished. 

We have previously observed‘ that nausea 
was the usual first manifestation of intolerance, 
occurring between rates of 0.1 to 0.49 g of 
amino acids per kg/hr. When the rate of 
administration exceeded 0.49 g of amino acids 
per kg/hr, multiple manifestations of intoler- 
ance were universally present, i-e., vomiting, 
itching, tingling, abdominal cramps, flushing, 
and headache. This rate appeared to be the 
threshold beyond which troublesome symptoms 
regularly appeared and was fairly constant for 
several commercially available brands of amino 
acid solutions. 

The work of Levey, Smyth, and co- 
workers***? has shown that glutamic acid 
and possibly aspartic acid are important factors 
in the causation of nausea associated with the 


* Associate Clinical Professor of Surgery, University 
of Minnesota. 
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WHEN USING A LOW GLUTAMIC ACID MIXTURE 


By Cart O. RICE, PH.D., M.D.* AND J. H. STRICKLER, M.D.f 


intravenous administration of amino acid 
solutions. This present study confirms the 
findings of these authors by demonstrating that 
an amino acid solution, in which a low glutamic 
acid concentration has become a commercial 
and economic feasibility, can be administered 
at substantially higher rates than those with 
the usual glutamic acid concentration. 


METHOD OF STUDY 


The subjects of this study were patients 
from the surgical wards of St. Barnabas Hospi- 
tal, Minneapolis, either being prepared for or 
recovering from major surgical procedures. 

Solution A is a commercially available amino 
acid product with the amino acid content as 
illustrated in Table I. Solution B has essen- 


TABLE I 
5% Amino acid solution 
Grams per liter 
Amino Acid Solution A Solution B 

Glutamic Acid 5.20 0.78-1.38 
Arginine 1.70 1.62 
Histidine 1.14 0.93 
Lysine 3.70 3.52 
Isoleucine 2.48 2.62 
Leucine 4.16 4.41 
Methionine 2.09 1.98 
Phenylalanine 1.80 1.75 
Threonine 1.78 1.73 
Tryptophan 0.32 0.38 
Tyrosine 0.46 0.60 
Valine 3.10 3.10 


tially the same amino acid content (Table I) 
except for its glutamic acid. These two solu- 
tions have been prepared in the same labora- 
tory.t 

t Prepared for these studies through the courtesy of 


Edwin B. McLean, M.D., Director of Clinical Investi- 
gation, Cutter Laboratories, Berkeley, California. 
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The rate of administration was controlled 
and calculated on the basis of the grams of 
amino acids per kg/hr. It was found that 
when a reaction of nausea occurred, it de- 
veloped within a few minutes and could be 
eliminated, likewise, in a few minutes by 
decreasing the rate of administration. If a 
reaction of nausea did not occur, an established 
rate of administration was continued for 20 
minutes. Thereafter a faster rate was again 
established, and this procedure was continued 
until nausea developed, or until the liter of 
solution was given. 

Vomiting was usually the next most common 
manifestation of intolerance. Abdominal dis- 
tress, abdominal cramps, flushing, tingling, 
prickling, headache, and drowsiness were oc- 
casional but inconstant observations. These 
latter clinical manifestations were observed in 
this study, but they have not been recorded 
here. 


FINDINGS 


Nausea was observed less often (23 per cent) 
when the rate of administration of amino acid 
Solution A was less than 0.35 g per kg/hr; 
it was a common occurrence when the rate of 
administration exceeded 0.35 g/kg/hr (Table 
II), and it became progressively greater as the 
rate of administration increased. 

Amino acid Solution B, in which the glutamic 
acid content was minimal, rarely caused nausea 
until the rate of administration exceeded 0.50 
g/kg/hr (Table II). 


TABLE II 


The Incidence of Nausea in Relation to 
Grams of Amino Acid per Kilogram per Hour 


Using Solution B 


Using Solution A (low glutamic acid) 


Rate Incidence Total 
of of 


Incidence Total 
of tests 
nausea made 


tests 


administration nausea made 


g/kg/hr 
0 to0.3499 | 42(23%) | 181 
0.35 to 0.4999 | 13 (37%) 35 
0.50 to 0.9999 | 10 (43%) 23 


1 63 


11 (19%) 57 


As the rate of administration increased be- 
yond that, other and multiple manifestations of 
intolerance became evident with both Solutions 
A and B; and in all instances in which an effort 
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was made to increase the rate, a point of 
intolerance could be reached even in the low 
glutamic acid group. 


COMMENTS AND CONCLUSIONS 


While our previous report‘ was concerned 
mainly with the occurrence of untoward reac- 
tions more severe than nausea, our present data 
deal more particularly with the minor reaction 
of nausea. Our findings indicate that an 
amino acid solution, of a composition com- 
monly available commercially, shows a nausea 
rate of 23 per cent when rates of administration 
below 0.35 g/kg/hr are studied. The lower- 
ing of glutamic acid content of such a solution 
considerably increases the tolerable adminis- 
tration rate. 

The administration of intravenous amino 
acid should preferably be given at a consider- 
ably slower rate than that used with most 
intravenous solutions. A rapid rate is unde- 
sirable because at more rapid rates of ad- 
ministration the amino acid is utilized by the 
body with less efficiency. Nevertheless, the 
hospitalized patient is often interrupted by 
numerous diagnostic and other therapeutic 
procedures and it is at such time that the 
administration rate of the intravenous fluid is 
apt to fluctuate. As a result of these inter- 
ruptions the rate of administration of amino 
acids may exceed a rate of 0.35 g/kg/hr with 
remittent nausea. If, therefore, a solution 
could be given at a more rapid rate, during 
such unavoidable episodes, a very practical 
advantage would be obtained for the patient. 

Our data have shown that a mixture of 
amino acids for parenteral use with a low 
glutamic acid content causes much less nausea 
and fewer undesirable clinical symptoms than 
have been observed with a solution essentially 
identical except for a high glutamic acid con- 
tent. 
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After Malthus 


“..A clergyman-economist named Malthus forecast in 1803 that man’s repro- 
ductive capacity would some day outrun his capacity to produce food. The events 
since then have proven that while Malthus was quite ignorant of many of the factors, 
favorable and unfavorable, which would affect the date of its fulfillment, his dire 
prophecy was sound. Malthus could not foresee how enormously agricultural pro- 
ductivity would be later increased by the use of mechanical power, fertilizers, plant 
and animal breeding, etc. On the other hand he was also unaware how modern 
preventive medicine would prolong life and enormously accelerate the yearly gain in 


population. 


The present human race numbers three times as many as that of 
Malthus’ day and the twentieth century far surpasses any previous one in the rate of 
accumulation.”’ 


—R. R. Williams. 


Am. Scientist 44: 318, 1956. 
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On the Pathogenesis of Anemias and 


Leukopenias Induced by Dietary 


Protein Deficiency 


By A. ASCHKENASY, M.D., D.sc.* 


HE experimental demonstration of the 

anemia-inducing effect of protein de- 
ficiencies is of relatively recent date. It was 
accomplished by Whipple and his school! in 
the dog, and by Pearson ef a/.,? Orten and Or- 
ten,* and by ourselves* in the rat. We were 
the first to achieve, in the latter animal, an 
anemia with a fall in the erythrocyte count, 
and not just a reduction of the hemoglobin 
level alone, as had been the case in the previous 
experiments. 

Erythropoietic function takes priority to 
such an extent that a marked anemia makes its 
appearance in the adult rat only after an ex- 
treme and very prolonged reduction of the 
protein supply (2 per cent of the dry ration at 
most®), and, in fact, this anemia attains to a 
certain degree of severity only on a regimen 
completely lacking in protein.‘ 

Because the blood volume itself is reduced® 
the fall in the total levels of erythrocytes and 
leucocytes is greater than it appears to be from 
the blood counts. The anemia can be masked 
also by hemoconcentration, the reduction of 
plasma being greater than the reduction of the 
mass of erythrocytes. 

It is true that, from the strictly biochemical 
point of view, there are no anemias due to 
protein-deficiency exclusively. This goes with- 
out saying for the anemias observed in the 
course of human malnutrition, since deficiency 
states are almost always multiple’ and the ab- 
sence of protein foods deprives the organism not 
only of the constituent amino acids of these 


*Master of Research at the Centre National de la 
Recherche Scientifique and Head of the Laboratory, 
Hopital de la Pitié, Paris. French version received for 
publication January 30, 1956. 


proteins, but also of the hematopoietically 
active vitamins (vitamin By2, folic acid) which 
are contained in these foods, as well as of iron, 
which is abundant in certain of these foods 
(meat). 

In animal experimentation the conditions 
might have been considered more rigorous, 
since it has been possible to prepare synthetic 
diets which, while they are deficient only in 
protein, contain all the other known hemato- 
poietic factors. Although there has been a 
detailed analysis of the hematopoietic action 
of natural protein foods, purified proteins, and 
even of isolated amino acids, yet all these re- 
finements have not succeeded in precisely 
defining the role of the latter. 

Indeed, new metabolic interreactions and 
compensatory effects are being discovered 
every day among amino acids and vitamins, not 
to mention the role played by protein in the in- 
testinal synthesis and absorption of the hema- 
topoietic vitamins. These interreactions, and 
also certain hormonal effects of dietary proteins 
and amino acids, have enabled new light to be 


' thrown on the pathogenesis of protein-de- 


ficiency anemias and leukopenias. 

For a better understanding of the question, 
it seems to us useful to recall some details of the 
blood disorders due to protein deficiency, as 
revealed by the investigations we have de- 
voted to this subject since 1944.° 


CYTOLOGIC CHARACTERISTICS OF PROTEIN-DEFI- 
CIENCY ANEMIA AND LEUKOPENIA IN THE RAT 


Anemia 


Even on a diet entirely lacking in protein, 
the anemia is only a very delayed and relatively 
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moderate one (rarely is under 3 million red 
blood cells per cu mm, 5 g of hemoglobin per 
100 ml, and a hematocrit of 25 per cent). 

Certain deficient rats maintain almost nor- 
mal erythrocyte and hemoglobin levels‘ up to 
the time of death (after 70 to 90 days on the 
diet for a 200 g rat). 

(a) The hemoglobin decreases first, and its 
reduction is always greater than that of the 
number of red blood cells; the hematocrit, too, 
decreases more than the erythrocyte count, 
which indicates a reduction of the mean red 
blood cell volume® (Fig. 1).* 


Erythrocytes M.C. 
6 ] 13] \ 62 

N | 
‘ 7 11) \ | 60 
his \ 58 

\ 
3 | 7116 N 56 
(0%) (g)no \ 50 

Fig. 1. Evolution oi the blood levels of erythrocytes 


and hemoglobin, of the mean corpuscular hemoglobin 
(MCH) and the mean corpuscular volume (VEM). 
B = before; A = after 30 days of protein starvation. 


(b) Contrary to expectations, protein-de- 
ficiency anemia is not accompanied by bone 
marrow aplasia; on the contrary, it is charac- 
terized by a marked increase of hematopoietic 
cells in the marrow, particularly in small 
erythroblasts (normoblasts) (Fig. 2). This 
normoblastic infiltration is observed whenever 
protein deficiency is prolonged, even if the 
blood cytology is still almost normal.* 

During the final phase of the anemia the re- 
lease of an increasing number of normoblasts 


* The fact that a hypochromic, microcytic anemia 
may sometimes result, not from a lack of iron, but from 
a protein deficiency, has recently been clinically con- 
firmed by Fauvert et al. with respect to certain 
anemias observed after gastrectomy. 
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into the circulation as well as a quantitative in- 
crease in the reticulocytes are observed; on the 
other hand, a subnormal number of these 
latter cells are found to be present during the 
first days of protein starvation.‘ To recapitu- 
late, protein-deficiency anemia is a microcytic, 
hypochromic anemia and appears to represent 
a ‘“‘regenerative”’ type. 

(c) Up to a very advanced phase of the 
deficiency this anemia can be treated success- 
fully by the administration of a diet containing 
adequate proportions of a complete protein 
such as casein. Our best results were obtained 
with 30 per cent casein. With 7 per cent, re- 
covery is slow and erythropoiesis returns to 
normal only after a minimum of 40 days, 
although it is restored much more quickly than 
is body weight.°® 

At the time of recovery one always sees a 
massive but transient discharge of reticu 
locytes and normoblasts into the blood stream. 
The culminating point of this release is gener- 
ally around the sixth day of protein realimen- 
tation. This release is relatively moderate 
with 7 per cent, but maximal with 15 and 30 
per cent, casein.’ After the eleventh day the 
normoblasts tend to disappear from the periph- 
eral blood and the reticulocytes return to 
their normal proportions (1 to 3 per cent), 
while the hemoglobin and erythrocyte values 
continue to increase regularly (Fig. 3). 

Nevertheless, in certain cases, owing to an 
insufficient amount of protein in the repletion 
diet or to too late an institution of this diet, 
the rats are no longer able to recover and they 
succumb after variable intervals which may 
last as long as several weeks. It is remarkable 
that these moribund rats, during the period 
of their attempted recovery, develop an 
anemia the degree of which (fall of the ery- 
throcyte level to 1 million per cu mm, for 
example) exceeds by far that of the anemia 
observed just before death in rats maintained 
in a state of protein starvation without any 
attempt at refeeding. 

The increasing anemia observed in the 
course of these unsuccessful recoveries is ac- 
companied by an extreme erythroblastosis and 
a reticulocytosis which, instead of being epi- 
sodic, as is the case in successful recovery, are 
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continuous and progressive up to the death of 
the animal (Fig. 3). 

To sum up, whenever protein refeeding 
succeeds in repairing the deficiency of the rat 
the disappearance of the anemia is announced 
by a transient discharge into the blood stream 
of reticulocytes and erythroblasts into the 
blood stream. On the other hand, if the at- 
tempted rehabilitation fails, the anemia be- 
comes increasingly severe throughout the whole 
duration of this attempt and, at the same time, 
a profusion of immature cells is produced which 
is continuous and progressive. 
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of the reticular cells with an increase in the 
deposits of iron pigment.‘ 

Like the anemia, the leukopenia and the 
lymphoid atrophy can be cured by adequate 
protein refeeding.®: 


MECHANISMS OF THE PROTEIN DEFICIENCY ANEMIA 
Maturation Blockage of Marrow Cells 


This hypothesis comes to mind at once by 
analogy with what is known of the other de- 
ficiency anemias, such as pernicious anemia and 
iron-deficiency anemia, both of which result 
from an inhibition of the maturation—admit- 


Fig. 2. Histologic sections of femoral marrows of a normal rat (left) and of a rat made anemic by a protein free 


diet (right). 
icles. (Hematoxylin-eosin x 180). 


Leukopenia 

The protein-deficiency leukopenia which is 
often very pronounced (up to less than 1000 
per cu mm) involves an almost complete disap- 
pearance of eosinophils, as well as a neutro- 
and lymphopenia; the latter is more marked 
than the former‘ in the final phase of the de- 
ficiency. 

In addition, the lymphoid organs—first the 
thymus, but also the spleen and lymph nodes 
—become atrophied very early in the course 
of protein starvation. 

Splenic atrophy is due exclusively to the dis- 
appearance of the Malpighian corpuscles; the 
red pulp presenting, in contrast, a hyperplasia 


Note, in the latter, the profusion of normoblasts in the marrow and the disappearance of fat ves- 


tedly at different stages—of erythroblasts by 
the lack of an indispensable hematopoietic 
factor (vitamin By, folic acid, or iron). 

Furthermore, Miller et al.'! have demon- 
strated that after the administration of DL- 
lysine-C' the radioactive carbon appeared in 
the circulating erythrocytes more slowly in 
protein-deficient dogs than in dogs on a normal 
regimen. 

At what cytologic stage of erythropoiesis 
could such an inhibition occur in the course of 
protein-deficiency anemia? At least two pos- 
sibilities must be considered: 


(1) A block at the stage of the transforma- 
tion of the reticulocytes into mature erythrocytes: 
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this is suggested by the observation made by 
Nizet!?:'® that reticulocytes, derived from the 
blood of dogs deprived of dietary protein, lack 
all capacity for maturation in vitro. This 
capacity can be restored to these cells by 
simply adding a mixture of amino acids to the 
blood. 

However, such a block, which would suffice 
to explain the usually moderate hyper-reticulo- 
cytosis observed in the final phase of protein 
starvation,‘ in no way takes into account cer- 
tain other peculiarities of protein-deficiency 
anemia, as we shall see later on. 


Erythrocytes 


+ 4 
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stacle interfering with the maturation of the 
reticulocytes than it must be to complete the 
maturation of the erythroblasts. 

We have seen, in fact, that if the repletion 
diet has too low a protein content to as- 
sure survival of the animal, the latter, before 
succumbing, nevertheless develops a much 
more considerable blood reticulocytosis than is 
observed in the final phase of a diet entirely 
lacking in proteins. 

It seems, therefore, that the low-protein diet 
in question must have been just sufficient to 
permit a general maturation of the erythro- 
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correction of protein-deficiency anemias. 


(2) <A block at the stage of transformation 
of the erythroblasts into reticulocytes or even 
earlier, in the course of the maturation of the 
erythroblasts themselves: the following argu- 
ments favor this hypothesis. During pro- 
tein starvation only such an early inhibition 
would explain the massive accumulation of 
erythroblasts within the marrow, as well as 
the discharge of reticulocytes on about the 
sixth day of refeeding which evidently results 
from a mass transformation of erythroblasts 
into reticulocytes. Apparently the protein 
supply must be greater to overcome the ob- 
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Fig. 3. Evolution of the blood levels of erythrocytes and reticulocytes in the course of attempted 
1—Successful recovery: The erythrocyte level in- 
creases progressively with a reticulocyte crisis on the sixth day. 2-4—Unsuccessful recoveries: 
The anemia becomes extremely severe, while the reticulocytosis increases progressively. 


blasts, which were hitherto blocked for the 
most part within the marrow; however, the 
diet was not sufficient to allow the erythro- 
cytes, freed of their nuclei, to mature beyond 
the reticulocyte stage. 

Since recovery from protein starvation in the 
rat always causes a transient discharge of retic- 
ulocytes and normoblasts into the blood 
stream in the course of the sixth-day crisis, it 
must be conceded that protein refeeding, on 
the one hand, accelerates erythroblast matura- 
tion within the marrow and, on the other 
hand, opens a temporary passage into the 
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Fig. 4. Apparent survival time of normal erythrocytes (—) and of erythro- 
cytes of protein-deprived rats (---) after their transfusion into normal rats. 
Ordinate: per cent of erythrocytes surviving. Abscissa:’ days after trans- 


fusion. 


circulation for these cells. 

It is nevertheless true that, even if we assume 
maturation blocks at two different levels (the 
first between erythroblast and reticulocyte, 
the second between reticulocyte and mature 
erythrocyte), we do not succeed in reconciling 
certain contradictory data. 

Thus, if we suppose that a partial reduction 
of available protein induces only the second 
block, and that only the complete lack of pro- 
tein leads to the first block, how can we ex- 
plain that on a diet entirely lacking in pro- 
tein the rats show a progressive rise in reticu- 
locytosis up to the day of death, instead of dis- 
playing an increase at the beginning of their 
anemia only (block number 2) and, later, a 
reduced reticulocytosis as a consequence of an 
arrest of erythroblast maturation (block num- 
ber 1)? 

We are thus led to postulate the existence of 
mechanisms other than a block in order to ex- 
plain protein-deficiency anemia. 


Peripheral Destruction 


An abnormal hemolysis, which might be 
explained by a structural defect (especially of 
their membrane), in the deficient erythrocytes 
is suggested by the increase in indirect serum 
bilirubin and of urobilinogen in the urine of de- 
ficient rats deprived of protein.* Furthermore, 


* Unpublished work. 


their spleen is rich in iron deposits which could 
result from the excessive disintegration of 
erythrocytes. 

Oneof thestrongestarguments foranabnormal 
hemolysis in vivo is the increased fragility im 
vitro of erythrocytes of deficient rats, which has 
been demonstrated inour laboratory with regard 
tomechanicalagitation, saponin and digitonin.'* 
Furthermore, investigations with radio-chro- 
mium made in our laboratory'** have shown 
that the life span of erythrocytes from protein- 
deficient rats is shorter than the life span of 
normal rat erythrocytes (Fig. 4). Thus, we 
probably must attribute, the presence in the 
circulation of numerous reticulocytes and eryth- 
roblasts shortly before death at least partially 
to a compensatory regeneration of the marrow. 
This phenomenon, which is analogous to the 
reticulocytosis in human hemolytic anemias, 
would certainly not have the same significance 
as the massive outpouring of reticulocytes and 
erythroblasts observed during the first days of 
the restorative diet, an outpouring which 
seems to be provoked by a sudden unblocking 
of the bone marrow. 

What is the cause of the exaggeration of the 
hemolysis in protein-deficiency anemia? We 
have found* that it is essentially the reduction 
of some anti-hemolytic factors in the blood 


* Unpublished work. 
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serum, notably lecithin and secondarily chol- 
esterol and albumin: These substances offer 
partial protection to the protein-starvation 
erythrocytes against hemolysis by saponin or 
digitonin. On the other hand the addition of 
serum of normal rats provides a better protec- 
tion than the serum of starved rats. 


THE ROLE OF LACK OF AMINO ACIDS AND VITAMINS 
ON DEFICIENCY BLOOD DYSCRASIA 


The Specific Role of the Amino Acids 


It goes without saying that by far the greater 
part of the deficient hematopoiesis noted in the 
course of protein deficiency results from the ab- 
sence of amino acid materials necessary for the 
formation of the hematopoietic cells. Never- 
theless, as far as erythropoiesis is concerned, 
the inadequacy of the amino acid supply ap- 
parently has greater repercussions on the syn- 
thesis of hemoglobin than on the development 
of the erythroblasts themselves. _ 

At least this is the best explanation we can 
' give for the hypochromic nature of protein- 
deficiency anemia and the selective efficacy of 
the essential amino acids such as methionine 
with respect to hemoglobin formation. 

Thus, whenever the latter amino acid turns 
out to be effective with regard to an anemia, 
either clinically or in animal experimenta- 
tion (for example, in sulfonamide intoxica- 
tion),'® it is always the hemoglobin, far more 
than the erythrocyte level, which benefits from 
this action (Fig. 5). The exclusive deprivation 
of essential amino acids other than methionine- 
tryptophan,” lysine'* also induces an anemia 
of hypochromic type. 

As for leukopoiesis, it is chiefly the produc- 
tion of lymphocytes which is stimulated by 
methionine. In this way the latter prevents 
lymphopenia and atrophy of the spleen in rats 
given toxic doses of sulfonamides on a protein- 
poor diet (Fig. 5). The same amino acid 
selectively favors the regeneration of the 
thymus after protein starvation® and the 
growth of this organ in young rats kept on a 
protein-poor regimen.'® 


The Role of Vitamin Deficiencies 


Lack of dietary protein is conducive to both 
anemia and leukopenia because it also reduces 
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the organism’s resources of hematopoietically 
active vitamins by one of the following mecha- 
nisms: 

(1) Since foods rich in protein (especially of 
animal origin) are well provided with vitamin 
Bi, protein starvation ipso facto reduces the 
exogenous supply of this vitamin, at least un- 
der conditions of natural alimentation. 
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7.576000 
7.074000 
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+200 
9 100 
Hemoglobin Spleen . 
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Fig. 5. Action of methionine (0.3 g per 100 g of dry 
ration) on erythrocytes, hemoglobin, and lymphocytes 
and on spleen weight in rats given a protein-poor diet 
(4 per cent) with added sulfadiazine (0.4 per cent) for 
100 days. 


(2) Protein deficiency induces aplasia of 
the gastrointestinal mucosa and of the asso- 
ciated digestive glands and, therefore, reduces 
the absorption of exogenous vitamins, especially 
that of vitamin Bi, which requires the pres- 
ence of intrinsic factor. 

(3) The same deficiency suppresses the in- 
testinal synthesis of the B vitamins (especially 
of folic acid and vitamin By), by modifying 
the microbial flora of the digestive tract. 

It is because of this intestinal synthesis that 
it is hardly possible to achieve a deficiency of 
these two hematopoietic factors in the rat on a 
protein-rich diet, unless the requirement for 
these vitamins is artificially increased by 
thyroxine, or their synthesis suppressed by 
sulfonamides. On the other hand, even with- 
out resorting to these artifices, avitaminosis 
occurs quickly if dietary restriction affects 
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both vitamins and proteins. This is why im- 
provement of both the weight and the blood pic- 
ture of rats deprived in this way can be accel- 
erated by supplementing protein refeeding 
with folic acid or vitamin By2.5:*»”° 

(4) Certain amino acids are the biochemical 
precursors of vitamins (tryptophan for nico- 
tinic acid*'); others display intimate meta- 
bolic interrelationships with vitamins which 
permit partial reciprocal compensation (meth- 
ionine with vitamin By: and folic acid). 

Thus the hematopoietic effects of these amino 
acids can be replaced partly by those of the 
corresponding vitamins and vice versa. Be- 
cause of this fact, a deficiency of amino acids 
increases the organism’s requirement for the 
corresponding vitamins and favors the develop- 
ment of a secondary avitaminosis. 

(a) Tryptophan and Nicotinamide. The 
fact that nicotinic acid constitutes a normal 
catabolite of tryptophan and that, further- 
more, it enters into the make-up of coen- 
zymes I and II, which are indispensable to the 
functional integrity of erythrocytes and hema- 
topoietic organs, led us to investigate whether a 
simple overloading of a protein-free diet with 
nicotinamide would not reduce the anemia 
consequent to such a regimen, since a defi- 
ciency in tryptophan certainly contributes to 
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Fig. 6. Effects of vitamin B,. and of methionine, and 
of both factors together, on restoration of body weight 
and hemoglobin after protein starvation. 

The hatched columns represent the mean increases 
after 30 days of restoration. They are calculated in 
percentages based on the values on the first day of 
restoration. The blank columns correspond to twice 
the standard errors of the means. 
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the production of this anemia. The results 
obtained have confirmed this hypothesis.”* 

(b) Folic Acid, Vitamin By. and Methionine. 
We have shown’®:’:”* that both folic acid and 
vitamin Bi: considerably stimulate weight and 
blood restoration of rats previously subjected 
to protein starvation if the repletion diet 
is relatively poor in protein (7 per cent), but 
that these two vitamins are much less effective 
if the diet contains adequate proportions of 
casein (15 per cent). 

The relative sparing ability of casein with 
respect to vitamin Bi can be largely imputed 
to the methionine content.’ In fact, it is suffi- 
cient to supplement a 7 per cent casein diet 
with this amino acid in order for the addition 
of vitamin Biz to exercise no further effect on 
weight recovery, methionine alone having a 
much greater anabolizing power than vitamin 
By given without methionine (Fig. 6). Of the 
organs, the liver and thymus are those whose 
regeneration is especially activated by both 
methionine and vitamin By. 

In the light of what is known at present of 
the role of this vitamin in the process of trans- 
methylation and in the synthesis of methyl 
groups,”* it is probable that as a methyl donor 
methionine is capable of being partially re- 
placed by vitamin Bi. and vice versa. This 
reciprocal partially compensatory action is also 
seen in hematopoiesis. However, the reticu- 
locyte crises obtained with vitamin By. surpass 
those produced by methionine. On the other 
hand, the microcytosis caused by protein star- 
vation is suppressed by methionine, but not by 
vitamin By. 

Finally, hemoglobin regeneration is greater 
when the two factors are given together than 
when either are given separately (Fig. 6). 


HORMONAL IMBALANCE 


State of the Endocrine Glands During Protein 

Deficiency 

Several endocrine glands become inactive 
and atrophy as a consequence of protein de- 
ficiency. This is the case with the thyroid,”* 
with both the male*® and female**.” gonads, 
and with the pancreas.** On the other hand, 
the adrenals seem to be hyperactive, judging 
from their relative hypertrophy and the hy- 
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perplasia of the cortical zone, which loses its 
lipid reserves.” 

An indirect proof of the hyperactivity of the 
adrenal cortex during protein deficiency states 
is furnished by the quasi-impossibility of keep- 
ing adrenalectomized rats alive on a protein- 
poor diet for any length of time, even if they 
are given sodium chloride or desoxycorti- 
costerone, while the mortality of such rats is 
almost ni] on a balanced diet.*® If they re- 
ceive cortisone, the adrenalectomized rats can 
withstand the deficiency as well as intact rats. 
It is obvious, therefore, that the glucocorti- 
coids are more necessary for rats if the supply 
of dietary protein is insufficient than it it is 
adequate. 

Certain pituitary functions are inhibited in 
protein deficiency. These include thyrotro- 
pic’! and gonadotropic activities; among the 
latter luteinizing function is especially affected, 
as is attested by the early atrophy of the ac- 
cessory genital glands.** In contrast, corti- 
cotropic activity seems to be stimulated by 
the ‘‘stress’”’ of protein deficiency. 


Action of Certain Amino Acids on the Endocrine 


Glands and the Existence of Endocrine Links 
in the Anabolizing Action of Some of Them 


The specific part taken by tyrosine in the 
synthesis of thyroxine and epinephrine is 
known. Furthermore, we have demonstrated 
the action exerted by methionine on the 
thyroid, the testicles, and the adrenals. Ad- 
ministration of methionine to rats deficient in 
protein, counteracts the exhaustion of the 
thyrotropic secretion and in this way activates 
thyroid function.** It also prevents the in- 
hibition of thyroid secretion in rats rendered 
toxic by sulfonamides.'* Methionine also op- 
poses the testicular atrophy produced by the 
sulfonamides on a protein-poor diet.* Finally, 
this same amino acid considerably prolongs the 
survival of adrenalectomized rats if it is added 
to a very low protein diet which, by itself, can 
be maintained by these rats for no more than a 
few days. Apparently, therefore, methionine 
reduces the need of these animals for corti- 
coids.”° 

The existence of endocrine participation 
in the action of methionine is shown by experi- 
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ments which we have carried out on thyroidec- 
tomized, orchidectomized, or adrenalectomized 
protein-deficient rats, which were supple- 
mented with methionine. 

Absence of thyroid or testicles reduces 
the action of methionine on the somatic growth 
of young rats, and thyroidectomy especially 
prevents the augmentation of the thymus 
under the influence of this amino acid.'® 

Furthermore, adrenalectomy cancels all in- 
crease in the relative weight of the liver after 
methionine administration, an increase which 
this amino acid induces in intact rats on a low- 
protein diet. 


Hormonal Disturbances in the Genesis of Pro- 

tein-Deficiency Anemia and Leukopenia 

In the light of what has just been set forth 
on the interactions between dietary proteins 
and amino acids on the one hand, and the 
hormones on the other, and from what is 
known of the role played by various endocrine 
glands in both erythropoiesis*! and leuko- 
poiesis,*? there was every reason to investigate 
to what extent protein-deficiency anemia and 
leukopenia were due to the disorganization of 
various endocrine “‘links.” We particularly 
considered the possibility of an exhaustion of 
thyroid and androgenic secretions as a factor 
in the anemia, and of an over-production of 
glucocorticoids accounting for the deficiency- 


induced lymphopenia and eosinopenia. 


The experiments we carried out consisted of: 
(1) comparing the development of blood 
dyscrasias in protein-deficient rats, some serv- 
ing as controls, others being deprived of the 
thyroid, testicles, or adrenals,**—® or, in con- 
trast, receiving thyroxine, testosterone propio- 
nate, or cortisone; (2) studying the effects ot 
thyroidectomy** and also of the administra- 
tion of thyroxine, corticotropin (ACTH) (with 
or without extra potassium), sex hormones 
(testosterone propionate and estradiol benzo- 
ate), and pituitary somatotropic hormone® on 
the rate of blood recovery in rats re-fed with a 
7 per cent casein diet after a long period 
of protein starvation.* 

* The object of the low-protein content of the restor- 
ative diet was to slow the rate of blood regeneration in 


order to render the favorable or harmful action of the 
hormones more apparent. 
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Our experiments suggest that protein-defi- 
ciency anemia and leukopenia are linked— 
in part—both as to inactivation of the thyroid 
and of the interstitial cells of the testicles, and 
as to hyperactivity of the adrenals. 

(1) The hypothesis of a thyro-testicular in- 
hibition is based on the following results: 

The intervals between the beginning of the 
diet and the appearance of the deficiency 
anemia are shortened in the male rat by the 
suppression of the thyroid, but lengthened, in 
contrast, by injections of thyroxine or of testos- 
terone. Certain hematologic peculiarities of 
this anemia are also accentuated by the sup- 
pression either of the thyroid (the erythroblas- 
tic reaction of the bone marrow) or of the 
testicles (the microcytosis). On the other 
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hand, the hematologic findings are attenuated 
by the injections of the corresponding hor- 
mones (for example, the blood and marrow 
erythroblastoses by thyroxine). 

Deficiency leukopenia is also generally aggra- 
vated by thyroidectomy. The same is true 
with respect to the involution of the lymphoid 
organs. In contrast, injections of thyroxine 
oppose both the neutro- and lymphopenia and, 
at the same time, they attenuate the atrophy 
of the lymphoid organs. 

(2) The role of an adrenal cortical hyper- 
activity in the genesis of the deficiency leuko- 
penia is deduced from the observation that not 
only does adrenalectomy prevent any lympho- 
penia, but it also causes (in the rare adrenalec- 
tomized animals which succeed in enduring a 
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Fig. 7. Effects of several hormones (thyroxine, ACTH, somatotropic hormone, STH, 
testosterone propionate, estradiol benzoate) on blood regeneration after prolonged pro- 


tein starvation. 


Restoration is effected with a low-protein diet (7 per cent) over 30 days. The 
hatched columns represent the mean quantitative increases per cu mm between the Ist 
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prolonged protein deficiency of 35 days) a 
paradoxic “‘hyper’’-lymphocytosis which is 
greater than that noted after the same inter- 
vals in adrenalectomized rats of the same age 
and genetic background, but maintained on a 
balanced diet. This is apparently a sort of 
“reverse” alarm reaction by which the animals 
without adrenals react to the “‘stress’” of the 
deficiency. The females are more susceptible 
to it than the males, since they show a hyper- 
lymphocytosis on 4 and 2 per cent protein 
just as with complete protein starvation, 
while in the males only the totally protein-free 
diet gives rise to this phenomenon. 

It is remarkable that the reduction in the 
number of eosinophils following protein de- 
ficiency is only slightly influenced by adrenalec- 
tomy. It results, therefore, from some mecha- 
nism other than a hypersecretion of gluco- 
corticoids. 


Influence of Hormones on Recovery from Protein 
Deficiency-Induced Blood Dyscrasias 


The rate of regeneration of the hemato- 
poietic organs and of the blood cells can be 
entirely upset by the administration of various 
hormones” (Fig. 7). Thus, injections of thyrox- 
ine accelerate the regeneration of all the blood 
cells: erythrocytes, neutrophils, eosinophils, 
and lymphocytes. Injections of testosterone 
propionate chiefly activate erythro- and neutro- 
poiesis, but inhibit the formation of eosinophils. 

ACTH and somatotropic hormone (the latter 
in doses of 2 rat units per day) also activate the 
re-establishment of erythropoiesis, but they are 
without any clear action on leukopoiesis (with 
the exception of a temporary arrest followed by 
a paradoxic activation of eosinophil regenera- 
tion by ACTH). 

The estrogens are lacking in any significant 
effect on the correction of the anemia and even 
delay that of the deficiency-induced neutro- 
penia. 


Conclusions on the Role of the Hormones 


The experiments on the role of the hormones 
in the development of deficiency-induced blood 
dyscrasias**—** demonstrate the interdepend- 
ence between the blood status in protein-de- 
ficient animals and their hormonal status; how- 
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ever, they do not permit us to claim a deter- 
mining role for any one of the endocrine glands 
studied. 

The effects of each of the hormones tested 
are only fragmentary and sometimes even 
antagonistic with respect to the various blood 
cells. Thus testosterone, which protects 
against the anemia, accentuates, in contrast, 
the involution of the lymphoid organs and the 
lymphopenia of deficient rats. 

The experiments on the correction of the 
blood dyscrasias,*’ do not permit us to conclude 
with certainty that the stimulation observed 
with certain hormones is the consequence of a 
deficit of these hormones in the deficient 
animal, nor do the experiments imply their 
responsibility in the onset of the blood dys- 
crasias. 

Nevertheless, this hypothesis becomes plausi- 
ble because of the previously demonstrated 
existence of a hormonal imbalance in the course 
of protein deficiencies. 

If, instead of exploring the effects of a single 
hormone, we could create artificially an endo- 
crine dysfunction strictly similar to that of 
protein starvation, we might perhaps succeed 
in creating blood disturbances quite close to 
the deficiency-induced anemia and leukopenia. 
In addition, a certain role might also be as- 
cribed to hormonal deficits other than those 
we have just envisaged, particularly the 
exhaustion of a specifically erythropoietic hor- 
mone of pituitary origin, the existence of 
which is suggested by several workers.**:*° 

While awaiting the new data in this field, we 
must be content with the observation that the 
blood disturbances observed in the course of 
protein deficiencies result not only from a direct 
deficit of amino acid materials and from 
secondary avitaminosis, but also from a 
hormonal imbalance induced by these deficien- 
cies. 


GENERAL CONCLUSIONS 


Prolonged protein deprivation causes a hypo- 
chromic, microcytic anemia and a leukopenia 
including, in particular, the complete disap- 
pearance of the eosinophils. The lymphopenia 
is related to an early atrophy of the lymphoid 
organs. 
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The anemia results primarily from an arrest 
of maturation which involves both the erythro- 
blasts aud the reticulocytes. Excessive hemol- 
ysis also plays a role. 

A deficiency of protein induces anemia and 
leukopenia not only because it deprives the 
hematopoietic organs of the amino acids 
necessary for new cell formation and especially 
for hemoglobin production, but also because it 
reduces the tissue stores of certain hemato- 
poietic factors (vitamin Bi, folic acid, nicotinic 
acid) and because it creates a hormonal imbal- 
ance: especially an inactivation of the thyroid 
and gonads and a relative hyperactivity of the 
adrenal cortex. 

The evolution of the deficiency-induced 
anemia and leukopenia is considerably modified 
by ablation of the thyroid, testicles, or adrenals, 
as well as by supplying the corresponding hor- 
mones. In turn, correction of the anemia and 
leukopenia during a repletion diet is profoundly 
disturbed by the administration of various 
hormones. 
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Diabetic Retinopathy: Lack of Correlation 


with Vitamin B,, Excretion 


By Joun J. Bookman, M.D.,* ROBERT H. JOELSON, M.D.,* WILLIAM G. TOLL, M.D.,f 
HERMAN BAKER, PH.D.,{ AND HENRY DOLGER, M.D.§ 


IABETIC retinopathy is one of the major 

complications facing all diabetic patients 
today, and diabetes itself accounts for an 
increasing percentage of blindness. This 
threat to vision in the diabetic is being en- 
countered at all age levels, from adolescence on- 
wards, notwithstanding the gains made by 
insulin, diet, and antibiotics in extending his 
life expectancy. 

Diabetic retinopathy is also one of, the 
earlier and more readily detectable expressions 
of what is being generally recognized as a wide- 
spread vascular disorder peculiar to diabetes. 
Neither diabetic retinopathy nor the general- 
ized diabetic angiopathy can be correlated 
satisfactorily with the age of the patient or 
the duration, severity, or treatment of the 
disease. It would be desirable to have some 
method or indicator to predict in which patients 
the vascular disease might appear in an ac- 
celerated form, and to serve as a possible guide 
for the evaluation of a therapeutic regimen. 

To date there has been a single finding! 
purporting to differentiate the diabetic with 
and without retinopathy. These authors re- 
port that in diabetics with retinopathy, follow- 
ing a vitamin By load test, there is an ab- 
normally high urinary excretion of the vitamin 
as compared with normal nondiabetic indi- 
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viduals. An abnormally low amount was ex- 
creted by diabetics without retinopathy. 

In subsequent articles Becker®* and his 
co-workers interpreted their findings as indicat- 
ing relative adrenal cortical hyperactivity in 
patients with diabetic retinopathy, in con- 
trast to subjects without retinopathy who were 
presumed to have adrenal cortical hypofunc- 
tion. This hypothesis was correlated sub- 
sequently by their anatomic studies of the 
adrenal cortex in diabetic patients with and 
without retinopathy. 


/ An additional possible clinical correlation 


with the theory of adrenal cortical hyper- 
function stemmed from the observations of 
the amelioration of diabetes and its vascular 
complications following spontaneous hypo- 
pituitarism‘ or surgical removal of the pituitary 
or adrenal glands.*® 


PROCEDURE 


Normal healthy controls and diabetic pa- 
tients with and without retinopathy, none of 
whom were receiving any form of vitamin 
therapy, were studied. All ocular fundi were 
carefully examined by an ophthalmologist who 
had no knowledge of the results of the tests. 
Likewise, the ophthalmologic findings were 
not known to the other investigators until 
the microbiologic determinations were com- 
pleted. All patients were given 50 ug of 
vitamin B,. intramuscularly and urine speci- 
mens were collected thereafter for eight hours 
in amber-colored bottles containing a volatile 
preservative.” Three methods of microbio- 
logic assay were employed, using Lacto- 
bacillus Leichmanii 4797,5 Euglena Gracilis,® 
and Ochromonas Malhamensis as the test 
organisms. All specimens were determined by 


| 
| 
26 


January-February 1957] BOOKMAN, JOELSON, TOLL, BAKER, AND DOLGER 


TABLE I 
Urinary Excretion after Injection of Vitamin By. (50 ug) 


Number of 
subjects* 


Vitamin Bis excreted (x + SE)T 


Subjects E L 


Ochromonas Euglena Lactobacillus 


Diabetics without reti- 

nopathy 22 2 18 
Diabetics with  reti- 

nopathy 8 
Healthy controls 22 25 10 


10:9: 1.2 14.8+ 1.8 23.2 + 3.5 


13.5 + 2.2 
10.2 :2.1 


13.5 + 2.2 
21.2 + 2.6 


* O—Ochromonas, E—Euglena, L—Lactobacillus used as test organisms. 


¢ (x + SE) Mean and Standard Error. 


Euglena and most of these also by Ochromonas. 
A number were assayed using Lactobacillus, 
the method used by Becker et al. 

RESULTS 


The results are shown in Table I and 
Figures 1-3. As can be seen, these results 
do not agree with those of Becker, Lang, and 
Chow.' By all three methods there is a ran- 
dom scatter of the excretion values for the 
control group and both diabetic groups. 
Using standard statistical methods for calculat- 
ing probability, no P values of less than 0.1 
were found between any two groups, indicating 
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a total lack of significance for the average 
differences found between groups in all three 
methods. 


SUMMARY 


In this study 50 ug of vitamin By, was in- 
jected intramuscularly into three groups of 
subjects, consisting of normals, diabetic patients 
without retinopathy, and diabetics with reti- 
nopathy. Using three microbiologic methods of 
analysis, no statistically significant differences 
were found in the amount excreted in the urine 
in eight hours among the three groups. The 
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OPULATIONS habitually subsisting on diets 
low in fats tend to have low concentra- 
tions of cholesterol in the blood serum.!~ 
Because isocaloric substitution of carbohy- 
drates for the mixed fats in the ordinary 
American diet decreases the serum cholesterol 
level of man in experiments, it seems reasonable 
to attribute the findings in these populations to 
their low dietary fat intake. However, many 
populations who subsist on low-fat diets are 
also low in their consumption of total protein 
or of proteins of animal origin, so the question 
arises as to whether the dietary protein is in- 
fluential in producing the low cholesterol 
values. 


The present paper is a report of controlled 
experiments on human subjects on diets con- 
stant in calories but differing in protein content. 
In one experiment the serum cholesterol re- 
sponse to a change from a moderate-fat diet to 
a high-fat diet was compared at two levels of 
-protein intake (about 83 and 130 g daily). In 
another pair of experiments two groups of men 
were maintained on a diet constant in fats 
(64 to 69 g daily), the protein intake was then 
doubled for four weeks and subsequently was 
reduced to the original protein level. In these 
latter experiments a daily supplement of 1000 
mg of cholesterol was also added to the diet, 
with and without the protein supplement, for 
eight weeks. Skimmed milk powder was used 
as the source of the protein supplement. 
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Dietary Protein and the Serum 
Cholesterol Level in Man’ 


By ANCEL KEYS PH.D. AND JOSEPH T. ANDERSON, PH.D. 


SUBJECTS AND METHODS 


The subjects in both sets of experiments 
were physically healthy, schizophrenic men, 
32 to 54 years old, who were stable in their men- 
tal state and were judged to be metabolically 
normal. During the experiments, and for a 
month or more before the dietary manipula- 
tions, the men were housed and fed in the 
Metabolic Unit of the Hastings State Hospital 
where they were under the constant supervision 
of a special dietitian and group of attendants 
in addition to the ordinary medical and super- 
visory staff. All of the diets were devised to be 
fully adequate and constant in mineral and 
vitamin content. The caloric levels were set 
to maintain balance on the basis of control 
studies with measured portions of foods for 4 
weeks or more before the start of the experi- 
ments proper. During the experiments the 
food served to each man was measured out at 
each meal, and periodic checks of rejections and 
plate waste allowed estimation of the actual 
food eaten by each man. Body weights were 
recorded weekly and slight adjustments in the 
food portions were made on this basis. 


Blood samples were drawn in the fasting 
state during the last days of each four-week 
period. They were analyzed in duplicate for 
total serum cholesterol by the Bloor method® 
in Experiment 1 and by the method of Abell and 
others’ as applied in this laboratory® in Ex- 
periment 2. The cholesterol in the alpha- 
lipoprotein fraction in the serum as separated 
by cold ethanol precipitation was measured by 
the Bloor method. Beta-lipoprotein choles- 
terol was computed from the total minus the 
alpha fraction. In order to make the numeri- 
cal values for cholesterol in Experiment 1 
more precisely comparable to those obtained by 
the more recent method, all values for choles- 
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terol in Experiment 1 were multiplied by the 
factor of 0.85.8 

Seventeen men were maintained for a month 
on a relatively low-fat diet providing 3000 
calories, 85 g of protein, and 55 g of fat, includ- 
ing about 6 g of linoleic acid. They were then 
divided into two groups matched in mental 
state, physical activity, hemoglobin concentra- 
tion, stability of weight, etc. The nine men in 
the ‘‘control-protein diet” group averaged 40.0 
years in age and had a relative body weight 
averaging 98 per cent of the value for equal 
height and age in the Medico-Actuarial tables. 
The eight men in the “high-protein diet” 
group averaged 42.8 years of age and their mean 
relative body weight was 94.7 per cent. 

For the second part of the experiment the 
diet was the same except that (1) for both 
groups additional fat, as butterfat, was iso- 


TABLE I 
Average Nutrients Actually Eaten in Experiment 1 


Moderate High 
protein group protein group 


Item Control Control 


Calories 

Proteins, g 

Protein as % of cal 
Fat, g 

Fat as % of cal 


calorically substituted for carbohydrates to 
provide a total of 125 g of fats and (2) for the 
high protein group the protein was increased by 
50 g by the isocaloric substitution of skimmed 
milk powder for carbohydrate. The averages 
for the major nutrients actually eaten are sum- 
marized in Table I. 

Both groups of men remained essentially at 
constant body weight throughout. On the 
high-fat diet the control protein group lost an 


‘after doubling the protein intake. 
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average of 0.1 kg while the high-protein group 
gained an average of 0.7kg. The serum choles- 
terol finding are summarized in Table IT. 

Both groups of men showed substantial in- 
creases in the serum total and beta-lipoprotein 
cholesterol after four weeks on the high-fat 
diet and these changes are statistically highly 
significant in each group. But, as is obvious 
from Table II, there was no significant differ- 
ence between the responses of the two groups. 

Twenty-five men were used in the pair of 
experiments here summarized as Experiment 
2. These experiments were so arranged that 
each man served as his own control before and 
There were 
four diet periods of four weeks each after a pre- 
liminary stabilization and control-testing pe- 
riod. The men were divided into two groups 
whose dietary plan differed only as to the pe- 
riod during which they received the protein sup- 
plement; this allowed for detection of any 
general time trend. The dietary plan is in- 
dicated in Table III which also shows the aver- 
ages for body weights and for the nutrients 
actually eaten in each period. 

Again the body weights were essentially 
constant throughout. The serum cholesterol 
values are summarized in Table IV. The mean 
cholesterol values show no significant differ- 
ences between any periods for either group. 
To examine the possible effect of dietary pro- 
tein properly the responses of the individuals 
are analyzed in the last column in Table IV. 
The men in group A showed an average of 2.92 
mg per 100 ml more serum cholesterol when on 
the high-protein diet (period 2) than when on 
the control (period 3). The standard error 
of this change, computed from the changes for 
the 12 individuals, is +5.06. The men in 
Group B showed an average of 3.53 mg + 3.00 


TABLE II 


Means (+ Standard Error) Serum Total and Beta-Lipoprotein Cholesterol Concentrations of Two Groups of Men 
After Four Weeks on a Moderate-Fat Diet and Again After Four Weeks of Increased Fat Intake With and Without 


Increased Protein Intake. 


All Values Are in Mg per 100 ml 


Control value 


A on high-fat diet 


Group Total chol. 


B-Chol. 


Total chol. | 


B-Chol. 


192.9 + 11.5 
213.0 + 14.0 


Moderate-protein 
High-protein 


160.0 + 11.5 
175.3 + 13.7 


+23.0 + 5.6 
+25.8+ 7.5 


+18.2 + 5.3 
+18.14 7.5 


2,957 | 2,909 | 2,954 |2,886 
82.2 | 82.5 | 83.9 |130.9 
11.1 | 11.3 | 11.4 | 20.0 
52.5 | 123.6 | 53.0 | 123.9 
15.6 | 38.2 | 16.1 | 38.8 

— 
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TABLE III 
Mean Body Weight and Nutrients Eaten Daily in Experiment 2 


KEYS AND ANDERSON 31 


Group A, periods 


Group B, periods 


Item 2 

Body wt., kg 67.5 ; 

Calories 3,176 3,203 3,246 
Protein, g 69.9 138.7 68.2 
Protein, % cal 8.8 17.9 8.4 
Fat, g 68.9 68.2 68.5 
Fat, % cal 19.5 19.2 19.0 
Cholesterol, mg 395 1,436 1,388 


3,174 2,974 3,010 3,019 3,041 
69.4 64.7 63.2 125.6 66.0 
8.7 8.7 8.4 17.2 8.7 
66.7 65.5 66.4 65.5 64.4 
18.9 20.5 19.9 19.5 19.1 
477 374 1,369 1,417 452 


mg per 100 ml Jess serum cholesterol when on 
the high-protein diet (period 3) than when on 
the corresponding control period (period 2). 
For all 26 men the mean serum cholesterol on 
the high-protein diet plus diet cholesterol was 
0.42 mg per 100 ml less than on the correspond- 
ing low-protein plus diet cholesterol control, the 
standard error of this difference being +2.27, 
again computed from the individual differences. 

Superficial inspection of the values for the 
means of the periods in Table IV suggests the 
possibility that the added dietary cholesterol 
(periods 2 and 3) may have some tendency to 
produce a slight rise in the serum. However, 
this is not verified by detailed statistical com- 
putation. The grand mean for periods 2 and 
3 for both groups is 210.0 mg per 100 ml while 
for periods 1 and 4 it is 206.4. The difference, 
3.6 mg per 100 ml, is not significant, the stand- 
ard error being -+2.90, computed from the 
differences for the 25 individuals between their 
means for periods 1 and 3 and their means for 
periods 2 and 4. This conforms to the expecta- 
tions from many investigations.° 


TABLE IV 


Serum Total Cholesterol Concentrations After Four Weeks on Each of the Four Diets and the Differences (‘‘A 


DISCUSSION 


In the United States at present the total pro- 
tein in the ordinary average diet supplies from 
13 to 14 per cent of the total calories as shown in 
Table V. Actually, this is not high compared 
with the diets of most other populations. 
Some populations known to be characterized 
by low serum cholesterol values, such as in 
Japan and in Italy, equal or exceed the U. S. 
average in total protein. The*control (‘‘low- 
protein’’) diets used here in experiments 1 and 
2, in which proteins supplied, respectively, only 
11.3 and 8.6 per cent of the calories are there- 
fore low-protein diets either on a U.S.A. or a 
world-wide basis. 

The common belief that populations whose 
diets are low in fats always have low-protein in- 
takes is erroneous, as shown by Table V. But 
it is true that most low-fat diet populations eat 
relatively small amounts of proteins from ani- 
mal sources. Japan and Italy are good ex- 
amples, with averages of about 3.4 and 3.5 per 
cent of total calories provided by proteins from 
animal sources, respectively. In comparison, 


Chol.’’) Between the Individual Values on the High-Protein Diet and on the Low-Protein Diet (Group A Values for 
Period 2 Minus Those for Period 3; Group B Values for Period 3 Minus Those for Period 2). 
tein Diets Are in Italics. 


Values on High Pro- 


All Values in Mg per 100 ml 


No. of 


Mean cholesterol, periods 


4 Cholesterol 


men Group 1 | 2 
12 A | 200.9 | 209.4 
14 B | 211.5 | 213.6 


3 + Mean | S. E. 
206.5 199.5 +2 .92 +5.06 
210.0 211.4 —3.53 +3 .00 


4 1 | 2 | 3 | 4 = 
67.6 | 65.6 65.5 65.3 64.9 2 
| ‘ 
! 
) 
t a 
| | | | 
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TABLE V -% 


Percentages of Total Calories Supplied by Fats and by Proteins in the Diets of Populations 
Listed in Order of Increasing Proportion of Fat 


Population 


% Ca. from Rank order 


Reference 
No. 


Fats Prot. Fats Prot. 


Japan 
Nigeria 
Centra) America 
Japan 

India 
Greenland 
Japan 
Uganda 
Japan 

South Africa 
Nigeria 

Gold Coast 
Venezuela 
Portugal 
Italy 

Spain 
Greenland 
Australia 
Great Britain 
_ Great Britain 
Netherlands 
Central America 
Canada 
Sweden 
U.S.A. 
Finland 
U.S.A. 

USS.A. 
U.S.A. 

Arctic 

Arctic 


Rural, Nat. Survey, 1949 
Moslem natives 

Rural 

Nat. Survey, 1954 
Schools, Dangs, 1951-52 
Eskimos, Fishing, 1935-43 
Urban, Nat. Survey, 1949 
Native school 

Kyushu small town, 1955 
Bantu near Johannesburg 
Tbo region 

Dome & Mampony children 
Nat. Survey, 1949 

Nat. food use, 1949 

Nat. food use, 1950 
Valleeas (Madrid) 1952 
Eskimos, sealing, 1935-43 
Nat. food supply, 1951-52 
Industrial workers, 1952 
National food use, 1951 
National food use, 1954 
Urban 

Nat. Retail, 1951 

Nat. food use, 1953 

Nat. food use, 1952 

Wood cutters 

Georgia adults 

U.S. Army, 44 messes 
U.S, Army, 2 companies 
Primitive eskimos 
Primitive eskimos 


13* 


* Indicates Populations in Which Samples Have Proved to be Low in Serum Cholesterol Concentrations (General 


Levels in Middle Age of 200 Mg per 100 ml or less). 


the usual figure in the United States is about 8 
to 9 per cent of total calories from animal pro- 
teins. In this respect, too, the control diets 
used in the experiments reported here are low. 
In Experiment 2 during the low-protein diet 
periods (periods 1, 3 and 4 group A; periods 1, 2 
and 4 for group B), proteins from animal 
sources provided an average of 3.5 per cent of 
the total calories and in this respect there is 
close similarity to diets in Japan and in Italy. 
During the high-protein periods in Experiment 
2 animal proteins accounted for 11 per cent of 
the total calories, a much higher figure than 
for any ordinary American diet. 

The results in the present study do not afford 


confirmation to the suggestion that the low 
cholesterol values in populations living on low- 
fat intakes are in any way related to the amount 
or kind of protein in their diets. Actually, the 
idea that dietary protein may influence the 
serum cholesterol level is supported only by 
animal experiments that seem to have little 
relevance to the situation in man. Monkeys 
on a diet severely restricted in certain amino 
acids, particularly L-cystine, and which are fed 
supplements of choline plus large amounts of 
cholesterol, have been reported to develop 
hypercholesterolemia and subsequent arterial 
wall lesions.** The suggestion from this result 
was that protein deficiency, or a specific de- 


32 
| 
6 | 7 10 
8 14 11 
8 15* 26 12 
9 13* 15 13 
9 15 7 14 
9 39 29 15 
10 14* 18 10 
12 12 8 16 
13 14* 19 17 
14 11* 10 4 18 
15 8* 11 1 
16 ~ 12 2 19 
18 14 13 20 20 
20 10 14 3 21 
20 14* 15 21 22 
27 12* 16 9 3 
27 19 17 28 15 
33 12 18 10 23 
35 12 19 11 24 
36 13 20 16 25 
36 11 21 5 26 
36 14 22 22 12 
38 12 23 12 27 
38 12 24 13 28 
40 13 25 17 29 
42 11 26 6 30 
43 14 27 23 31 
44 14 28 24 32 
46 14 29 25 33 
47 44 30 31 34 
: 55 43 31 30 35 
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ficiency of L-cystine or sulfur-containing amino 
acids in general,*’ contributes to the produc- 
tion of hypercholesterolemia and athero- 
sclerosis. 

Comparative studies on populations, how- 
ever, would suggest precisely the opposite con- 
clusion, i.e., a diet low in proteins from animal 
sources, which are generally rich in sulfur-con- 
taining amino acids, including cystine, may 
lead to a Jow cholesterol level in the blood. 
But the present experiments indicate that the 
low-protein level in such diets is not influential 
in this regard and that the findings in popula- 
tions such as the Bantu, in Japan and Italy and 
so on, are explicable on the ground that low 
animal protein diets merely happen to be 
associated frequently with a low fat level which 
is influential. 

It should be recognized, of course, that extrap- 
olation beyond the time duration of the pres- 
ent experiments may not be justifiable. 
What happens over the course of years may not 
be predictable from experimental studies over 
a mere matter of weeks or months. However, 
in the case of dietary fats, the tendency exhib- 
ited in populations is in conformity with the 
findings in short-time experiments and there is 
no reason to suggest that dietary protein may 
be involved in different relationships. 


SUMMARY 


Groups of physically healthy, schizophrenic 
men were metabolically stabilized on a typical 
American diet and then were maintained at 
calorie equilibrium under rigid control in di- 
etary experiments lasting 16 or more weeks. 

The response of the total serum cholesterol 
to a change from a low- to a high-fat intake was 
the same in one group of men receiving 83 g of 
protein daily as in a matched group on the 
same diet except for the isocaloric substitution 
of an extra 47 g of skimmed milk protein for 
carbohydrate in the diet. The cholesterol in 
the beta-lipoprotein fraction in the serum be- 
haved as did the total serum cholesterol. 

Two groups of subjects were maintained on 
a low-protein intake (averaging 8.6 per cent of 
calories from proteins), were changed for four 
weeks to a high-protein intake (17.7 per cent 
protein calories) and then were changed back to 
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the low-protein intake, all at a constant fat in- 
take. There was no significant change in the 
serum cholesterol level in either group at any 
time. 

An increase, maintained for eight weeks, of 
1000 mg per day in the dietary cholesterol in- 
take, had no significant effect on the serum level 
in these experiments. 
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_— reports of the fatal poisoning of 
several children by the accidental in- 
gestion of tablets of ferrous sulfate inspired a 
search for another less toxic iron product 
which would still be effective in the regenera- 
tion of hemoglobin. Experience with pepto- 
nized iron suggested that it could be an 
appropriate choice. 

A preparation composed of powdered iron 
oxide in oil, whey, vinegar, cow’s urine, and 
milk was the form of peptonized iron used by 
the ancient Hindus.' An improved prepara- 
tion of peptonized iron composed of iron 
' oxide, peptone, and sodium citrate became 
official in the fourth edition (1916) of the 
National Formulary but was deleted from the 
tenth edition (1955). The difficulty of tablet- 
ing and the excessive cost of peptonized iron 
as compared to ferrous sulfate was the prin- 
cipal reason for its decline as a hematinic. 
The U. S. Dispensatory (Twenty-first Edi- 
tion) states that the reason for preferring iron 
peptonate over inorganic salts of iron is “‘the 
absence of injurious effects upon the teeth and 
mucous membrane and its deficiency of 
astringency.”’ 


IRON UTILIZATION 


The fact that peptonized iron does not 
ionize in solution suggests that its utilization 
by the body might be poor. The significance 
of this statement is underlined by the failure 
of the a,a’ -dipyridyl test to show the presence 
of iron in a solution of peptonized iron. The 
dipyridyl test is used to determine the pres- 
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Utilization and Toxicity of Peptonized 
Iron and Ferrous Sulfate 


By Jack H. KerrTn, m.s.* 


ence of available iron in a foodstuff.” 
properties indicate the need for determining to 
what extent the iron in the peptonized form 
is assimilated. 


These 


Method in Anemic Rats 


Male rates, 250-300 g, were placed on an 
iron-free diet for two weeks. This consisted 
of powdered skim milk and 0.5 per cent peanut 
oil made to a pasty consistency with distilled 
water. They were fasted for from 18 to 24 
hours, anesthetized with ether, and made ane- 
mic by cardiac puncture in an amount equiva- 
lent to 2.5 per cent of body weight. Ephedrine 
sulfate, 20 mg/kg, was given subcutaneously 
a few minutes before bleeding to counteract 
the shock produced by the rapid removal of 
so much blood, but artificial respiration was 
often necessary after bleeding the animals. 
A 23-gauge, short-bevel, half-inch needle was 
found to be most satisfactory. 

Hemoglobin was determined with a Sahli- 
Haden hemoglobinometer four days after 
bleeding, and, if the hemoglobin level was 
above 10 g, the animals were not used. 

Peptonized iron and ferrous sulfate were 
administered through an oral feeding tube 
five days a week for 16 days. The iron com- 
pounds were given at two daily dosage levels: 
0.3 mg and 0.5 mg per rat. Copper in the 
form of copper chloride was added to the dis- 
tilled drinking water at 2 mg/100 ml as an 
element necessary for iron absorption in rats.* 


Results in Anemic Rats 


The hemoglobin level was determined again 
after 16 days of controlled iron intake, and the 
results of this procedure are seen in Table I. 
(The iron content of ferrous sulfate was cal- 
culated to be 20 per cent and that of pep- 
tonized iron, 16.9 per cent.) 
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TABLE I 
Hemoglobin Response to Peptonized Iron and Ferrous Sulfate in Anemic Rats 


No. of 
animals 


rat (mg) 


Initial Hb Hb level 
level after bleeding 


Hb level 
16 days 


Peptonized iron 
Ferrous sulfate 0. 
Peptonized iron 0. 
Ferrous sulfate 0. 
Control 


0.5 


16.4 
16.2 
16.2 
13 


12 


Hb—hemoglobin in g/100 ml. 


The hemoglobin test used was not accurate 
enough to make possible a statement of the 
absolute ratio of absorption and utilization, 
but the results give an indication of the degree 
of action and show that peptonized iron re- 
generates hemoglobin in anemic rats as fast 
as ferrous sulfate. 

It does not seem unusual to find that pep- 
tonized iron is readily assimilated, for Will 
and Vilter,‘ using labeled iron, found that the 
very stable iron sodium ethylene diamine 
tetraacetate was broken down and the iron 
absorbed. 


Method in Gastrectomized Rats 


Peptonized iron liberates free iron in the 
presence of hydrochloric acid, which suggests 
that the iron might not be available in achlor- 
hydria. To test the effect of achlorhydria, 
rats were gastrectomized. This experiment 
was carried out as in the previous study, with 
one exception: the rats were gastrectomized 
the day after bleeding and five days were 
allowed for recovery. This group did not 
respond to the same amount of iron as did the 
animals in the previous study, so ten times the 
dosage was used (5 mg iron per rat per day). 


TABLE II 


Hemoglobin Response of Anemic, Gastreetomized 
Rats to Peptonized Iron and to Ferrous Sulfate 


and gas- Fe/rat Hb level 
trectomy meg 16 days 


Peptonized 
iron 

Ferrous 
sulfate 

Control 
(no iron) 


Results in Gastrectomized Rats 


Two of the control animals died of respira- 
tory infections and the remaining animal had 
a hemoglobin level below 4 g. This animal 
also died shortly after beginning the second 
period. The death of the control animals 
only would indicate that the anemic state was 
a contributory cause. It would be illogical 
to assume that the gastrectomized rats on an 
iron-free diet would return to a normal hemo- 
globin level when intact rats on the same diet 
failed to make a complete hemoglobin recovery. 

The failure of these preparations to regener- 
ate hemoglobin to the same degree as in non- 
gastrectomized rats would indicate that hy- 
drochloric acid is required for maximum ab- 
sorption of both peptonized iron and ferrous 
sulfate. 

That the hemoglobin can be returned to 
normal by these preparations, even though 
tenfold doses are required, shows that hy- 
drochloric acid is not indispensable for iron 
utilization. This fact is essentially what Barer 
and Fowler‘ found in studying the absorption 
of several iron compounds in humans. 


TOXICITY OF IRON 


Data on the acute toxicity of peptonized 
iron are as scanty as those on its utilization; 
to supplement the meager information in this 
regard, the acute toxicity of peptonized iron 
was compared with that of ferrous sulfate 
in both rats and rabbits. 


Acute Oral Toxicity in Rats 


The acute toxicity of these iron compounds 
was determined in albino rats of mixed sexes 
weighing 250-400 g. The compounds were 
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given orally dissolved in water at 200 mg/ml. 
The aminals were observed for two weeks. 
The double integration method* was used to 
callate the LDs5p. 


TABLE III 


Acute Oral Toxicity of Peptonized Iron and 
Ferrous Sulfate in Rats 


LDse 
No. of as salt As iron 
animals mg/kg mg/kg 
Peptonized 
iron 60 6370 1077 
Ferrous 
sulfate 40 1720 344 


The acute oral LD; as shown in this table 
indicates that, based on iron contents, ferrous 
sulfate is three times as toxic as peptonized 
iron. Death from peptonized iron occurred 
mostly between 9 and 18 hours after adminis- 
tration, while that from ferrous sulfate was 
usually fatal within 1 to 5 hours. Both com- 
pounds produced diarrhea and depression, 
the intensity of which increased with the dose. 
The animals killed by peptonized iron did not 
convulse at the time of death as did those 
killed by ferrous sulfate. 


Acute Oral Toxicity in Rabbits 


The LDso of each of these iron compounds 
was also compared in albino rabbits of mixed 
sex weighing from 2 to 3 kg. The procedure 
used was the same as that used on rats. The 
results are given in Table IV. 


TABLE IV 


Acute Oral Toxicity of Peptonized Iron and 
Ferrous Sulfate in Rabbits 


LDso 
No. of As salt As iron 
animals (mg/kg) (mg/kg) 
Peptonized 
iron 31 3625 612 
Ferrous 
sulfate 34 1028 205.6 


Acute Oral Toxicity in Dogs 


The iron salts were mixed with powdered 
milk in the form of a paste. The dogs were 
not fed for the previous 24 hours, which made 
for ready consumption of the mixture. How- 
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ever none of the dogs died because the emetic 
threshold in dogs is reached before a fatal dose 
of these iron compounds can be absorbed. 


TABLE V 


Emetic Response to Peptonized Iron and 
Ferrous Sulfate in Dogs 


Amount No. vomiting 
As salt As iron No. used 
mg/kg mg/kg 
Peptonized 
iron 2000 339 0/4 
2500 423 1/4 
3000 507 1/4 
4000 676 4/4 
Ferrous 
sulfate 1000 200 4/4 


The results of these tests are given in Table 
V. It shows that peptonized iron caused 
vomiting in all four dogs in doses approaching 
4 g/kg, as compared with 1 g/kg for ferrous 
sulfate: again we see toxic reactions in multi- 
ples of three based on iron content. In 
animals which did not vomit, copious diar- 
thea resulted, but no other toxic symptoms 
were observed. It is interesting to note that 
vomiting began in dogs at doses of 2.5 g/kg of 
peptonized iron, which is also the lowest dose of 
this substance which was lethal to rabbits. 

It might appear that a difference 3 to 1 
in oral toxicity of these two iron compounds 
in rats, rabbits, and dogs would be an expres- 
sion of the degree and rate of absorption. 
This, however, isnot true; Nissim’ in comparing 
the intravenous toxicity of these preparations 
in mice found the LDso for ferrous sulfate to 
be 11 mg/kg (as ferrous ion) and for pep- 
tonized iron to be 33 mg/kg (as ferric ion). 


Local Toxicity 


A common test for local toxicity is the in- 
travenous injection into an animal of a dye, 
such as Evans or trypan blue: where local 
irritation occurs, capillary permeability is 
increased and the dye leaks out of the vascular 
system, forming a conspicuous blue stain in 
the irritated tissues. No such stain or irrita- 
tion is seen in the stomach of rats which have 
received fatal oral doses of peptonized iron; 
but a great deal of irritation is observed by 
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this method in the stomachs of rats which have 
received fatal oral doses of ferrous sulfate. 

A more accurate comparison of local irrita- 
tion is obtained by comparing the minimum 
concentrations which will cause sloughing when 
injected intradermally. Intradermal  injec- 


tions of 0.1 ml of 10 per cent peptonized iron 
solution did not cause sloughing in rabbits, 
but 0.1 ml of 2 per cent ferrous sulfate solution 
caused sloughing. 


SUMMARY 


Peptonized iron is effectively utilized as a 
hematinic in rats. 

The oral LDs for peptonized iron is one 
third that of ferrous sulfate in rats and rabbits. 
This same ratio is seen in the emetic response of 
dogs to peptonized iron and ferrous sulfate. 

More than five times as much peptonized 
iron, injected intradermally, was required to 
produce local irritation as compared to ferrous 
sulfate. 
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The Ascorbic Acid Content of Human 


Pituitary, Cerebral Cortex, Heart, and 


CCORDING to most investigators, studies of 

the effect of age on blood ascorbic acid 
levels have shown that the ascorbic acid blood 
concentration in old individuals tends to be 
lower than in the younger age groups.'~* 
A recent study supports this correlation at 
least as far as institutionalized men are con- 
cerned, whereas no significant change in blood 
ascorbic acid level with age was observed in 
women.‘ 

A decrease with age of tissue ascorbic acid 
concentration in humans has been reported by 
several authors.®°—!! Their studies have not 
always been based on a significant number of 
samples, and the analyses have sometimes been 
carried out with methods now considered less 
accurate. A more extensive investigation of 
the variation with age of the ascorbic acid 
content of human tissues therefore seemed de- 
sirable. 

The present study was undertaken to ex- 
amine the change with age in the total as- 
corbic acid (reduced ascorbic acid and dehy- 
droascorbic acid) content of four representa- 
tive human tissues (pituitary gland, cerebral 
cortex, myocardium, and pectoral muscle). 


EXPERIMENTAL 


Sixty-nine samples of human _ pituitary 
gland, 71 samples of human brain (frontal lobe), 
67 samples of human myocardium, and 63 
samples of human pectoral muscle were ob- 
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Skeletal Muscle and Its Relation to Age 


By RAYMOND SCHAUS, M.D.* 


tained fresh at autopsy at the St. Louis City 
Morgue and immediately placed in sterile 
beakers immersed in crushed ice. The ages 
of the individuals from whom the samples 
were derived ranged between 7 days and 88 
years. The subjects had died from miscellan- 
eous causes, and information about their as- 
corbic acid intake during the period preceding 
death was not available. The pituitary glands, 
ranging in weight from 0.10 to 0.70 g, were 
each processed as a whole. Portions of 
cerebral cortex weighing from 0.50 to 0.90 g 
were carefully dissected from the underlying 
white matter. From 0.50 to 0.80 g of macro- 
scopically normal portions of myocardium 
(left ventricle) and of pectoral muscle were 
homogenized with 10 per cent trichloroacetic 
acid. The ascorbic acid analyses were carried 
out on the filtrates by the procedure of Roe 
and Kuether.’* This method includes both 
reduced ascorbic acid and dehydroascorbic 
acid in the same determination. In most in- 
stances, the nitrogen content of the samples of 
brain, heart, and muscle was determined by 
subjecting the total protein precipitate col- 
lected on the filter paper to conventional 
Kjeldahl analysis. It was ascertained that 
storage of the tissues at 4° C for 24 hours did 
not result in any loss of tissue ascorbic acid. 


Results 


The results of the tissue ascorbic acid analy- 
ses are presented in Table I. It will be seen 
from the table that average ascorbic acid 
concentrations of 0.617 mg, 0.184 mg, 0.042 
mg, and 0.033 mg/g wet tissue were found 
for the pituitary, cerebral cortex, myocardium, 
and skeletal muscle, respectively. 
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TABLE I 


The Mean Ascorbic Acid Concentration in Human Pituitary, Cerebral Cortex, Myocardium, and Pectoral Muscle 


Cerebral cortex 


Myocardium Pectoral muscle 


mg/g 
tissue 
nitrogen, 


Z 


mg/g mg/g 
wet tissue 
weight, nitrogen, 


mg/g 
tissue 


weight, nitrogen, 


40.9 
‘17.0 
13.6 


0.073 3.2 0.047 
0.044 
0.031 
0.043 
0.028 
0.030 
0.033 
0.031 
0.019 
0.033 


5 


Nr 


* N = number of specimens. 


An analysis of the mean ascorbic acid tissue 
value for the various decades revealed that the 
ascorbic acid concentration of the pituitary 
decreased from 0.889 mg/g wet tissue for the 
0 to 9 year age group to 0.455 mg/g wet tissue 
for the 70 to 79 year group. Calculation of 
the coefficient of correlation age/pituitary 
ascorbic acid concentration showed an r value 
of —0.50 (t = 4.72, N = 69). A similar re- 
duction in the ascorbic acid content with age 
was observed in the case of the cerebral cortex, 
in which a decrease from 0.452 mg/g wet tissue 
(0 to 9 year group) to 0.103 mg/g wet tissue 
(70 to 79 year group) was recorded. Cal-, 
culation of the coefficient of correlation age/- 
cerebral cortex ascorbic acid concentration 
gave an 7 value of —0.60 (t = 6.23, N = 71) 
when the calculation was based on the concen- 
tration found in the wet tissue, whereas the 
coefficient was found to be —0.57 (t = 5.70, 
N = 68) when the concentration in cerebral 
tissue per g tissue nitrogen was considered. 
It will be seen from the table that the values 
for the ascorbic acid concentration in the 
myocardium and in the pectoral muscle were 
relatively high in the younger age groups, and 
that no decrease in the older age groups could 
be demonstrated after the second decade for 
the myocardium and after the fourth decade 
for the pectoral muscle. 

The rate of decrease of the tissue ascorbic 
acid content with age was of the same degree 
in the males and in the females of the present 


series. A comparative study of the tissue 
ascorbic acid concentration in the males and in 
the females of the total series disclosed higher 
values for the females in the case of the pitui- 
tary (55 per cent) and of the myocardium (24 
percent). No significant difference was found 
for the cerebral cortex and the pectoral muscle. 


DISCUSSION 


The results of this study have shown a de- 
crease of the tissue ascorbic acid concentration 
with age in man. The decrease was statisti- 
cally significant in the pituitary gland and in 
the cerebral cortex. After an initial fall, no 
such tendency could be demonstrated in the 
heart and in the pectoral muscle during the 
later decades. An unequivocal conclusion 
as to the lack of change of ascorbic acid content 
in human muscular tissue in old age can, how- 
ever, not be drawn from the present data. 
The high ascorbic acid content of the pituitary 
gland reported by previous workers'*'* was 
confirmed in the present investigation. 

A decrease in the ascorbic acid concentration 
of the pituitary with age was observed by 
Diehl and Neumann.’ While the general 
tendency of their findings is of interest, the 
ascorbic acid values reported by these authors 
are, however, not directly comparable with 
those observed in the present study, since they 
were obtained with the methylene blue method. 
The same applies to the few analyses reported 
by Melka.6 A histochemical study of the 


40 
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Group | sweight,| N | weight.| N N N 

0-9 years 0.889 7 | 0.452 i 4 6 4 il 

10-19 0.950 3 | 0.223 3 3 

20-29 0.770 6 | 0.181 5 6 

30-39 0.988 6 | 0.180 6 14.1 5 

40-49 0.447 5 | 0.122 5 10.4 5 

50-59 0.521 | 16 | 0.140 | 14 11.1 13 

60-69 0.511 | 16 | 0.153 | 16 11.4 14 

70-79 0.497 | 11 | 0.149 | 11 11.9 11 

80-89 0.455 1 | 0.103 1 8.0 4 

Grand Mean 0.617 0.184 15.0 ; 


ascorbic acid content of the pituitary gland 
was carried out by Gough,’ who applied the 
Szent-Gy6rgyi silver reaction for ascorbic acid 
to histologic sections of 100 human pituitaries. 
The reactions, which were classified into strong, 
moderate, slight, and negative, were found to 
be less intense in the aged than in the younger 
subjects. Plaut and Biilow*® examined 43 
samples of brain tissue derived from foeti, 
infants, and adults of various ages with the 
2,4-dichlorophenolindophenol method. Their 
mean values are in good agreement with those 
found in the present study and likewise show 
that in young subjects the concentration of 
ascorbic acid in the brain is higher than in old 
individuals. 

Yavorsky, Almaden, and King," using the 
2,4-dichlorophenolindophenol procedure, in- 
vestigated the adrenal gland, brain, pancreas, 
liver, spleen, kidney, lung, heart, and thymus 
in 67 human subjects of different ages. Their 
results are similar to those obtained by other 
- workers and show a definite decrease in as- 
corbic acid tissue concentration with age. 
The same relationship is suggested by the 
data of Bessey and King,'! who examined the 
adrenals and livers of four human subjects 
with the 2,4-dichlorophenolindophenol method. 

An evaluation of the significance of the ob- 
served decrease in total tissue ascorbic acid 
concentration with age will not be attempted 
at the present stage. 


SUMMARY 


A study was made with the method of Roe 
and Kuether of the total ascorbic acid con- 
centration in 69 samples of human pituitary 
gland, 71 samples of human cerebral cortex, 
67 samples of human myocardium, and 63 
samples of human pectoral muscle, derived 
from individuals ranging in age between 7 days 
and 88 years. Average values, respectively, 
of 0.617, 0.184, 0.042, and 0.033 mg/g fresh 
tissue were found. 

A statistically significant decrease of as- 
corbic acid concentration with age was ob- 


served in the pituitary gland (r = —0.50, 
t = 4.72, N = 69) and in the cerebral cortex 
(r = —0.60, t = 6.23, N = 71). After an 


initial fall, no further decrease with age could 
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be demonstrated in the ascorbic acid concen- 
tration in the myocardium after the second 
decade and in the pectoral muscle after the 
fourth decade. 
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Dietary Survey On Rarotonga, Cook Islands’ 


I. GENERAL DESCRIPTION, METHODS AND FOOD HABITS 


By Peccy CRooKE FRY, B.S., M.P.H.T 


igs investigation was undertaken to study 
the typical dietary pattern of a segment of 
the population of a Polynesian island. Some 
information on the health status of the people 
and qualitative aspects of the Rarotongan diet 
had been reported previously,'~ but no quan- 
titative determinations had been made. An 
anthropological study of the growth, develop- 
ment, medical and dental status of school 
children on Rarotonga*® was conducted during 
the same period as was the nutritional survey; 
it is believed that a fair indication of the pre- 
vailing health conditions on Rarotonga can be 
gained from a combination of the anthropolog- 
ical study and the present reports.’ The ma- 
terial presented in this article was gathered by 
the author during an eight months period; 
an English-speaking Maori woman acted as in- 
terpreter for part of the study. 

A two months’ residence in New Zealand at 
Auckland University College provided the 
opportunity to gather general information on 
the Cook Islands Maori (or Polynesian) people 
and to gain some familiarity with the language. 
There is a close relationship, both in physical 
characteristics and in language and customs, 
between the Cook Islands and New Zealand 
Maoris. 

The author then lived for eight months on 
Rarotonga: two months prior to the hurricane 


* Supported by a Fulbright Fellowship from the 
United States Educational Foundation in New Zealand 
and the Effie I. Raitt Scholarship, American Home 
Economics Association, 1953-54. The major portion 
of the data tabulation was done while the author was on 
a Harvard School of Public Health Scholarship, Bos- 
ton, Massachusetts, 1954—55. 

¢ Nutrition Consultant, Yellow Springs Medical 
Clinic; Chemist, Charles F. Kettering Foundation, 
Yellow Springs, Ohio. Present Address: The Univer- 
sity of Nebraska Agricultural Experiment Station, 
Lincoln, Nebraska. 


season, during the four-month hurricane season 
and the two months following it. The hurri- 
cane season is the time when food shortages are 
most apt to occur, since the weather is gener- 
ally too poor for fishing and no regularly sched- 
uled shipping comes to the island as there is no 
storm-proof harbor. 

Because Rarotonga is in a relatively isolated 
and unknown part of the Pacific, some descrip- 
tion of its geography and the living conditions 
of the people is necessary. 


GEOGRAPHIC LOCALE 


The Cook Islands are administered by the 
Island Territories Department of New Zea- 
land, with Rarotonga designated as the seat of 
government. There are 15 islands which 
usually are considered as two diverse groups: 
(1) The Northern Cooks are typical coral 
atolls which grow little more than coconuts 
since there is little fertile soil; Pukapuka is 
representative of this group. (2) The South- 
ern Cooks are of volcanic origin, surrounded by 
coral reefs, with fertile lowlands and hilly or 
mountainous interiors. The population of the 
Southern group is about 15,000, approximately 
one-third of whom live on Rarotonga—6048 
in 1952 (5802 Maoris and 246 Europeans).* 
This island lies some 1600 miles north east of 
New Zealand and is about 21° below the 
equator. It is in the center of the Polynesian 
Triangle at 159° west longitude and is due 
south of Hawaii, midway between Tahiti and 
Samoa. 

Four of the 15 islands in the group are not 
permanently inhabited, although some are 
visited occasionally for the collection of coco- 
nuts. Simmons ef al.° described the Cook 
group by saying: ‘Their exports reflect their 
topography, for the fertile Southern group ex- 
ports oranges, tomatoes, copra and pineapples, 
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while the barren Northern islands export only 
pearl shell and copra. The vast majority of 
Cook Islanders are primary producers, and ex- 
port crops occupy only a secondary place in 
their economy.” 

The Southern group lies within the hurricane 
belt, and hurricane damage occurs in some part 
of the group about every two years. In 
general, the climate is mild and equable. 
Rarotonga has a mean annual temperature of 
74.5° F (25°C), with 70.8° the average for 
July and August, the coolest months, and an 
average temperature of 78.6° in February, the 
warmest month. In 1951, the highest record 
was 88° and the lowest was 53°. The average 
annual rainfall is 84 inches; the intensity is 
high, eight inches of rain in 24 hours is not 
uncommon. Distribution of precipitation de- 
pends on the topography; on the lowlands, 
where planting occurs, the rain is usually well 
distributed. 

The total area of Rarotonga is 16,500 acres, 
- forming an island that is 20 miles in circumfer- 
ence. Just under 32 per cent (5230 acres) 
is suitable for productive gardening, whereas 
only 9 per cent of this is actually under culti- 
vation.” Brown and red-brown lateritic soils 
predominate on Rarotonga, and weak to mod- 
erate weathering and leaching has taken place 
in the soils, so that their fertility is rated 
moderate to high.'! 

There was no information available on the 
literacy level of the Maoris; however, school 
attendance is compulsory in free government 
schools, or small-fee parochial schools run by 
the Roman Catholic and Seventh Day Advent- 
ist missions, for children between the ages of 
six and fourteen. 


DESCRIPTION OF THE TWO VILLAGES 


Of the six villages on the island, Titikaveka 
and Arorangi, are the two most remote from 
European influence. They are located on the 
opposite side of Rarotonga from Avarua, the 
harbor village and administrative headquarters. 
The western portion of Titikaveka and the ad- 
joining eastern part of Arorangi is the area 
from which all the subjects of the dietary sur- 
vey came. Eighteen of the 41 families inves- 
tigated were in Titikaveka village and 23 in 
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Arorangi village. There were three reasons for 
choosing subjects from this section of the is- 
land: (1) they were more distant from Avarua, 
the center of European activities, and thus 
more representative of the small village life of 
the majority of Rarotongans; (2) the villagers 
were a more stable group since they were land- 
owners and worked their own land in the 
villages, whereas many people from Avarua 
worked for wages, lived in rented houses, and 
owned no land to raise food on; and (3) rap- 
port and cooperation were possible with these 
villagers since the investigator lived in the area 
and was accepted as a village member. The 


‘total number of family members (268) repre- 


sented 30 per cent of the population of the two 
villages. 

All the families in the survey worked the land 
on which they lived, which in the vast majority 
of cases had been inherited by the head of the 
household. Those few families living on land 
they did not own had been “‘caretakers’’ for an 
unspecified number of years for Maoris who 
had gone to live in New Zealand. No land in 
the Cook Islands could be purchased by Euro- 
peans although, on occasion, land could be 
leased for varying periods of time. The chiet 
occupation was agriculture for home consump- 
tion. A few of the families had a member who 
worked elsewhere for a weekly cash income 
while a brother, father, or son raised the staple 
foods and citrus fruits. 

The inadequate public water supply in the 
two villages was supplemented by streams com- 
ing from the hills in the center of the island. 
Both water sources were open to pollution, and 
there were no provisions for filtration or stor- 
age. The majority of the houses were built 
near the coastal road in ribbon fashion; those 
few families living away from the main road 
either had to carry their water 100 to 400 yards 
from the piped supply c ‘depend on the streams 
from the hills. The coastal road was of graded 
dirt, with foot-paths leading from it to the 
houses which were deeper in the interior of the 
island. 

In 1932, the Rockefeller Foundation began 
a three-year campaign to provide every house- 
hold with a fly-proof pit latrine.'? Lacking 
supervision and guidance, many of the latrines 
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have been neglected and are no longer service- 
able. Insect-breeding and the spread of in- 
testinal helminthiases are encouraged by the 
continued, though erratic, use of this means of 
excreta disposal since the latrines are no longer 
insect-proof. 

In general, each home consisted of separate 
one-room buildings, one each for cooking, sleep- 
ing and washing. All families in the survey 
lived in buildings constructed of native woods 
and plaited coconut-leaf walls with corrugated 
iron and/or plaited coconut-leaf roofs. Cross- 
ventilation was frequently inadequate. Dirt 
floors, a few pieces of furniture and kerosene 
lamps as the source of light were the most 
common household characteristics. There 
were few buildings of European-type construc- 
tion occupied by Maoris and none by the sur- 
vey families. None of the buildings were 
fly- or mosquito-proofed. 

Cooking facilities consisted of an area where 
an open fire and an earth-oven (wmu) could be 
made, usually in a lean-to or house separated 
from the main house by some 10 yards or 
more. The native oven was a shallow circular 
depression two to three feet in diameter, the 


depth of the depression varying with the num- 
ber of individuals customarily eating—the 


larger the family, the deeper the oven. Hard, 
flat stones were set aside for the purpose of 
lining the oven and heating the food. Before 
lighting the fire, sufficient wood and coconut 
husks were gathered, the food preparation was 
begun and mixtures of foods were wrapped in 
pliable, de-ribbed banana leaves, and the 
leaves, bags and mats for covering the uwmu 
were collected nearby. 

The fire was lit with coconut fibers; stones 
were placed on top of the fire with wood or 
husks over them to draw the fire. After 45 
minutes to an hour of burning, any remaining 
fuel was removed and the hot stones were re- 
arranged, the largest being kept on the bottom 
of the depression. Tongs made from the rib 
of a coconut-tree branch were used to manipu- 
late the stones quickly and carefully. Food 
parcels were placed on the hot stones, and smal- 
ler stones were interspersed with the bundles. 
The uwmu was covered with banana and purau 
leaves (Hibiscus esculentus Linn.), then with 
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any bags or pieces of matting available, and the 
edges were sealed by weighting with several 
stones. 

While the stones were heating, the women 
completed food preparations and grated coco- 
nuts to make coconut cream to be used with the 
cooked foods. Male members of the families 
helped prepare meals only in cases of illness or 
absence of the women. 

Use of an earth-oven requires almost no ad- 
ditional moisture beyond that contained in the 
foodstuffs themselves. As this was the most 
common cooking method, there appeared to be 
little wastage of nutrients, such as would oc- 
cur if the water in which foods were cooked was 
discarded. 

Very small quantities of food were stored in 
the homes. Those foods most frequently ob- 
served in the food safes were flour, sugar, tea, 
and cooking fat. Powdered whole milk, salt, 
ripe papayas and bananas were stored infre- 
quently. Food safes or storage racks made of 
wired cages reinforced with wooden corners 
were found in all cook-houses; these stood on 
the dirt floor near a homemade wooden table 
and the entryway to the cooking area. They 
were the usual storage place for cooking and 
eating utensils as well. 

All of the households surveyed had some 
European utensils. As an example of the 
variety and number of them, a typical family 
of eight persons had the following equipment: 
a butcher knife, an iron frying pan, an iron 
cooking pot with lid, two kerosene tins, two 
enamel basins, an enamel tea pot, two enamel 
cups, five pottery soup bowls, four tin plates, 
and five spoons. Every family owned a coco- 
nut grater and at least one cane knife. There 
were seldom enough plates and cups for each 
individual; instead, a plate or a cup was 
shared by several persons of the same age 
group or scraped coconut shells were used as 
substitutes. Leaves were commonly used in 
place of a number of European utensils, par- 
ticularly as food receptacles in the wmu and as 
platters; and several held in a bundle were 
used as towels for handling hot parcels. 


SUBJECTS, METHODS AND LIMITATIONS 
A total of 308 individuals were subjects for 
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the weighed determinations of food intake. 
Forty persons at a training school for Seventh 
Day Adventist missionaries in Titikaveka were 
included in this number, while 268 native 
Maoris were studied as members of family 
groups. The extended, rather than the nu- 
clear, family was selected as the unit of study 
since this was the Rarotongan mode of living. 
Over 50 per cent of these extended families had 
living with them one or more of the following in 
addition to the nuclear members: a sibling of 
the man or his wife, a grandparent, a daughter- 
in-law, a son-in-law, or adopted children (called 
“‘feeding’’ children). 

Prior to the actual weighing of food intakes, 
the following information was gathered on all 
plants used for food: the Maori, English and 
scientific names; the months when planted and 
harvested; the methods of preparation for con- 
sumption; the method of storage (if any); and 
the category to which each food belonged 
(i.e., staple, nut, fruit, vegetable, etc.). The 
- customs and practices of the Maoris in relation 
to the planting, gathering, preparation and 
consumption of foods were noted, and particu- 
lar attention was paid to foods prepared for 
special groups, for example, infants and young 
children. 

In order to gain more familiarity with the 
meal patterns and the types of dishes served, a 
qualitative dietary survey lasting four weeks 
was completed on 65 school children in the 
sixth, seventh, and eighth grades. Photo- 
graphs were taken of living quarters, cook- 
houses, ovens, native cooking implements and 
foods rarely seen in the United States, such as 
taro, Tahitian chestnuts, cassava, custard ap- 
ples, passion fruit, etc. 

The survey was conducted during three of 
the four seasons—spring, summer, and fall; 
these seasons are exceedingly mild and very 
similar to one another. Living conditions, 
physical activity, height, weight, age and reli- 
gion of family members were recorded. 

As a rule, four families were studied simul- 
taneously for a period of seven to ten consecu- 
tive days after the daily weighing of family 
food intakes was begun. During the daily 
visits, a complete list of foods purchased and 
consumed was obtained, and all the food to be 
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cooked that day was weighed before being 
placed in the earth-oven. Every opportunity 
was taken to weigh food before and after prep- 
aration to obtain average values for weights of 
edible portions. All the cooking for each day 
was done at one time, usually around noon- 
time, so that one interview a day was, as a 
rule, sufficient. Interviewing revealed the 
number and amounts of foods purchased or 
eaten between meals—as in the case of canned 
meat, loaves of bread, doughnuts, oranges and 
coconuts. 

The possibility cannot be overlooked that 
some unrecorded food consumption occurred. 
Many checks were made to minimize this pos- 
sible source of error, and it is believed that the 
over-all picture would not be affected signifi- 
cantly by unreported food. As the survey 
progressed, interest and desire to participate in 
it mounted; illegal intake of alcoholic bever- 
ages was reported openly, as was the lack of 
meals due to food scarcity (resulting from 
poverty or inclement weather). 

The food values used in calculating the aver- 
age daily nutrient intakes came from a num- 
ber of published works,'*-?? with principal re- 
liance placed on the publication by Buchanan** 
of food analyses from Pacific areas because of 
the similarity in climate and soil. The author 
is aware that errors may have been committed 
by the use of this means of determining food 
composition, but no facilities or funds were 
available for chemical analyses. 

Following the recommendations of the Food 
and Agriculture Organization, Committee on 
Calorie Requirements,”* caloric needs were de- 
termined for a population living in an environ- 


“ment with a mean annual temperature of 25°C, 


taking into account the physical size (weight) 
and age profile of the population. All other 
nutrient allowances were derived from the 
National Research Council’s Recommended 
Dietary Allowances. The allowances for 
each family were obtained by totaling the nu- 
trient allowances for the individual members. 
The actual intake of each family was then com- 
pared with the recommended nutrient intakes 
for that family. 

The selection of families to be studied in- 
cluded any family that was not akama (i.e., 
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ashamed, afraid, or too timid to have a daily 
European visitor). In the beginning, consider- 
able persuasion and explanation was necessary 
before any daily interviewing could be done. 
Data were corrected, when necessary, for ab- 
sentees and visitors as suggested by Norris.” 
Calculations employed the weight of edible 
portions of all foods, fresh as well as canned, 
and preparations losses were not considered. 

Another limitation to the findings presented 
here is that there are no published analyses on 
some of the foods consumed by the Maoris. 
Such items as tea infusions made from young 
orange or lemon-tree leaves, Tahitian chest- 
nuts (Inocarpus edulis), and beer (brewed from 
such fruits as oranges, pawpaw [Carica 
papaya], tomatoes, pineapples, or immature 
coconuts, with dried yeast and sugar) are in 
this group. Tahitian chestnuts, which in ap- 
pearance and taste are unlike the common 
chestnut, are eaten in significant amounts on 
Rarotonga when they are in season (February 
to June), and because of this, some concept of 
their contribution to the diet is necessary. 
Values for the common chestnut (Castanea 
dentata)**. were used in calculating the nu- 
trient composition of Tahitian chestnuts; the 
other items were omitted from the findings pre- 
sented, since they were consumed in insignifi- 
cant quantities. 

A further complication in assessing the die- 
tary status of the Rarotongans lies in the fact 
that, with the exception of the larger bones, the 
scales and the stomach (which are removed be- 
fore cooking), they eat the entire fish.* Most 
of the entrails of fresh pork are similarly con- 
sumed. These customs make it difficult to put 
absolute confidence in the nutrient composi- 
tion of foods derived from published tables. 
The results of the present investigation should 
be interpreted in the light of these limitations. 


MEAL PATTERN AND FOOD HABITS 


The general food pattern presented below is 
followed by the majority of Maori families and 


* The practice of discarding the stomach is said by 
the Maoris to date back to the time when fish were 
caught in the lagoon by stupefying them with an ex- 
tract from the fruit of the Barringtonia butonica tree. 
The extract was found to be deleterious to man as well. 
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gives some indication of food intake throughout 
the day. The Rarotongans do not have defi- 
nite meal hours; hunger and food availability 
govern the time of eating. The first meal is 
consumed around daybreak and the third 
meal is taken at dusk, if at all. The second 
meal is the most important one and is eaten 
anywhere from about noon until around 4 p.m. 
If the man or men of the household have gone 
fishing early and have been successful, the meal 
will be near noon; if they are late going fishing, 
or have not been very successful, the family 
may eat its big meal at 4 to 6 p.m. 


GENERAL FOOD PATTERN: 


Early Morning Meal 

Tea with sugar, occasionally with milk; 
bread, sometimes spread with butter, jam, or 
mashed ripe avocado pear; sometimes left- 
over fish or taro, kumara, banana, etc., from the 
previous meal. 

Midday Meal 

A staple food (as taro, kumara, breadfruit or 
cassava); perhaps bananas or chestnuts; 
steamed fish or shellfish or tinned meat; coco- 
nut cream; possibly rukau. 

Evening Meal 

The same as the early morning meal. 

As a rule, all food for a meal is cooked simul- 
taneously in the native oven. If the wife is 
busy working, the midday meal will be missed 
or delayed, since it requires two to three hours 
for a woman working alone to gather wood, pre- 
pare the food, and heat the flat stones before 
cooking can begin. If the second meal is not 
eaten until 4 or 6 p.m., there will be no third 
meal. Fishing depends on the tide. At times, 
the man or men go fishing late at night. In 
this event, the family has its large meal early 
in the morning which then would include fish 
with perhaps a staple food and the usual bread 
and tea. 

If adults of the family are working in the 
plots of taro, kumara, tomatoes or oranges, the 
family will have only two meals during the 
day—one early in the morning and one late in 
the afternoon. Papayas, coconuts, oranges or 
bananas may be eaten as snacks during the day 
by family members, wherever they are, if they 
find these foods nearby and if they are so in- 
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TABLE I 
Foods Eaten by 15 Per Cent or More of the Rarotongan Families* 
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Families 
consuming Average 
consumptiont 
Foods No. % g/family/day 

Cereals 

White bread 41 100 1535 

White flour 13 32 216 

White polished rice 6 15 121 

Doughnuts 20 49 141 

Cabin Bread (a dry biscuit) vf 17 154 
Starchy Roots and Fruits 

Banana (Musa sapientum) 22 54 749 

Breadfruit (Artocarpus incisa) 18 44 2945 

Kumara (Ipomea batatas) 22 54 1689 

Maniota ( Manihot utilissima) 12 29 1506 

Taro (Colocasia esculenta) 25 61 1735 

Tarotarua (Xanthosoma atrovirens) 10 24 1187 
Fish and Fish Products 

Non-fatty fish 39 95 1733 

Molluscs 13 32 131 
Meats and Eggs 

Fresh pork 11 27 355 

Fresh chicken 9 22 306 

Canned beef 34 83 480 
Milk and Milk Products 

Powdered whole milk 12 29 75 
Fats 

Butter 15 37 70 

Dripping (cooking fat) 27 66 68 
Nuts 

Coconut cream (from Cocos nucifera) 41 100 1393 

Tahitian chestnut (Inocarpus edulis) 9 22 725 
Fresh Fruits 

Avocado (Persea americana) 6 15 419 

Orange 9 22 1231 
Fresh Vegetables 

Rukau (from Colocasia esculenta) 18 44 229 
Sugars 

White sugar 41 100 106 
Beverages 

Cocoa (dry weight) 8 20 41 

Tea (dry weight) 39 95 22 

Coffee (dry weight) 13 32 49 


of Health, Suva, Fiji, 1947. 
¢ Edible portion weights. 


clined. It is not uncommon for Maoris of all 
ages to eat nothing between approximately 
6 a.m. and 5 p.m. 

Table I lists the foods consumed by 15 per 
cent or more of the families, together with the 
average daily consumption for those families on 
whose records the foodstuff was recorded. 
During the eight months of the survey, only 
58 foods were listed; the average number of 
items listed in a weekly family record was 
14.5 + 3.9. 

Taro, a tuber, is the preferred staple food on 
Rarotonga; other root vegetables as well as 
fruits and nuts are used to supplement it as 
often as possible because taro requires so much 


Calculation of averages considered only the number of families consuming that item. 


* Classification is according to Buchanan, J. C. R.: A Guide to Pacific Island Dietaries. South Pacific Board 


labor. Starchy foods, [kumara (sweet potato), 
breadfruit (a seasonal staple), bananas (green 
and cooked or ripe)*, tarotarua (similar to white 
potatoes), maniota (cassava), Tahitian chest- 
nuts (in season the same time as breadfruit) 
and taro] form a major part of the total daily 
intake. Considered as a group, these were 
consumed by the average family in an amount 
equivalent to 4.6 Ib (2.1 kg) per day. Sur- 
prisingly, bread was the second largest protein 
source (fish being the major contributor of 
protein); the average bread consumption per 


* Wilder” has identified as many as 22 varieties of 
bananas on Rarotonga, over one-half of which are 
endemic. 
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family per day was 1535 g. Bread was com- 
monly made by native bakers from white flour, 
salt, yeast, and water. The white flour and 
polished rice sold in the trading stores were not 
enriched, and no other types were available. 
Sugar was used generously in all beverages and 
averaged 106 g daily for each family. 

Twelve families used milk; these used the 
powdered whole form in tea or coffee, very 
rarely in bread. Few children drank milk at 
home, whereas those attending government 
schools received a cup of reconstituted pow- 
dered skimmed milk each day. Both milk and 
tinned New Zealand butter were decidely 
prestige foods, and when purchasing power per- 
mitted, they were brought into the household 
and used lavishly until the supply was ex- 
hausted. Fresh, uncontaminated milk was not 
available on Rarotonga. Eggs are almost 
never consumed by Maoris of any age although 
many chickens, more wild than domesticated, 
are seen on the island. 

The principal source of protein was derived 
from over 30 varieties of non-fatty fish, such 
as parrot fish, barracuda, flying fish, mullet 
and albacore. The two families which had no 
fresh fish consumption during the survey period 
were households in which there were no men or 
adolescents to do the fishing. The women in 
these households were completely occupied 
with caring for young children, raising taro 
and kumara and had no canoe. 

An average daily consumption per family of 
1648 g of fish (or 253.5 g per person per day) 
was obtained, a very high value. No fish 
preservation by drying or salting was practiced 
by any of the families. 
or in those families where the head of the house- 
hold worked for wages, tinned beef was sub- 
stituted for fish. Canned beef was the third 
major protein food, with an average of 498 g 
per family per day for the whole group. 

A common use of flour and fat was for frying 
small fish and eels caught within the lagoon. 
Frying was, moreover, a more rapid way of 
preparation for immediate consumption. 

There was virtually no variety in the fresh 
non-starchy vegetables consumed. The one 
food of this group that was in at least 15 per 
cent of the family records was rukau, young 


When fishing was poor, | 
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tender leaves of the aro plant that are thor- 
oughly cooked until they resemble spinach and 
are then served with coconut cream. Only 44 
per cent of the families had this food. Its 
average consumption for these 18 families was 
229 g per family per day. The only other 
foods of this group noted during the survey 
were squash (in two households), cabbage (in 
one household) and onions (in one household). 
No raw vegetables were eaten. The practice of 
eating raw vegetables is uncommon, possibly 
because of the indigestible calcium oxalate con- 
tent of the frequently used staple foods. 
Cooking modifies these oxalates and renders 
them non-irritating to the digestive system. 
Coconuts were universally listed as being 
used in the form of coconut cream, which is 
prepared by grating the fresh kernel and 
squeezing the cream or milk from it into a small 
amount of water. This food item is con- 
sumed as a sauce for fish, root vegetables, and 
rukau as well as in coffee and tea. No meal 
prepared in the earth-oven is complete without 
coconut cream. As such an integral part of 
the meals, 1393 g were used per family per 
day—the largest single source of fat in the 
Maori dietary. Tahitian chestnuts are the 
only other type of nut consumed by at least 
15 per cent of the families, with an average of 
725 g per day for each of the nine households. 
Many varieties of fresh fruits grow wild and 
unencouraged on Rarotonga (including or- 
anges, grapefruit, avocados, papayas, mangoes, 
guavas, tamarinds, custard apples, and passion 
fruit), but the Rarotongans rarely eat them. 
They are allowed to go to waste unless (a) 
there is a paucity of other foods, or (b) they are 
developed into cash crops—as in the case of 
oranges and grapefruit—to be sold in the New 
Zealand markets. Only avocados and oranges 
were consumed frequently enough to be in- 
cluded in Table I. They are seasonal foods, 
admittedly, but it was surprising that they 
were listed so seldom during the peak of their 
seasons by the families studied. A mere 61 g 
of avocado and 270 g of orange per day per 
family was the average for the entire group. 
Mashed ripe avocado was used in most of the 
homes having it recorded for them as a sub- 
stitute for butter. No attempts to store or 
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preserve fruits or vegetables were seen in the 
households. 

Tea and cocoa are purchased in the trading 
stores, whereas the Maoris prepare and roast 
the beans of wild coffee for themselves. The 
beverages are strong infusions with sugar and, 
quite often, coconut cream added in place of 
milk. Cocoa consumption is limited almost en- 
tirely to the Seventh Day Adventists. No 
Maori family consumed any legumes, eggs, 
cheese or spices at any time during the survey. 


SUMMARY 


A dietary survey lasting seven to ten days 
per household was made on 41 Polynesian 
families and a missionary training school on 
Rarotonga, Cook Islands. The number of 
individuals studied as family members repre- 
sented 30 per cent of the population of the two 
villages in which the subjects lived. The sur- 
vey was conducted through three of the four 
seasons in the year, and it is believed that the 
_ present report indicates the long-term food 
patterns and habits of the Maori people on 
Rarotonga. 

In general, the typical native diet consisted 
of several high-carbohydrate roots or fruits and 
fresh fish, with coconut cream as a‘ sauce. 
Less starchy fruits and vegetables, legumes, 
eggs, and dairy products assumed exceedingly 
minor roles. Canned beef would be substi- 
tuted for fish, at times, although fish was pre- 
ferred if procurable. Bread and tea or coffee 
with sugar were consumed in large quantities. 

The families of the two villages frequently, 
though not always, observed a three-meals-a- 
day pattern with the midday meal the most 
substantial one. Breakfast and supper, if 
taken, usually consisted of bread and tea with 
sugar. If there were left-over foods, they were 
eaten at the first meal following the midday 
one. 


ACKNOWLEDGMENTS 


Dr. Elizabeth Gregory, G. Nevill (Cook Islands Resi- 
dent Commissioner), and Tiare Foster were of mate- 
rial assistance during the field study period.. Matamua- 
matamua, Paton-vaine, Edward-vaine and Mr. and 
Mrs. J. Cernik provided the beginning contacts with 
native Rarotongans. Helen Colby and Edward I. Fry 
generously provided their technical assistance. Mar- 


FRY 49 


jorie and James East kindly read and made valuable 
comments on the manuscript. 


REFERENCES 


1. Buck, P.H.: Arts and Crafts of the Cook Islands. 
B. P. Bishop Museum Bulletin, No. 179, Hono- 
lulu, 1944. 

2. ABRAHAM, M.: Report of Food Conditions in 
Rarotonga. Report to Department of Island 
Territories, New Zealand Government, 1947. 

3. Davis, T. R. A.: Rarotonga today. J. Poly. 
Soc. 56: 197, 1947. 

4. FAINE, S. and Hercus, C. E.: The nutritional 
status of Cook Islanders. Brit. J. Nutrition 5: 
327, 1951. 

5. FAINng, S. and Hercus, C. E.: Infections in Raro- 
tonga, Cook Islands. Tr. Roy. Soc. Trop. Med. 
& Hyg. 45:341, 1951. 

6. Fry, E. I.: Physique and health of Cook Island 
school children.. Unpublished Ph.D. Thesis, Har- 
vard University, 1957. 

7. Fry, P. C.: Dietary survey on Rarotonga, Cook 
Islands. II. Food consumption in two villages. 
Ill. Feeding practices and growth of Raro- 
tongan children from birth through six years. 
1957. Am. J. CL1In. NutTRITION (To be published. ) 

8. DEPARTMENT OF ISLAND TERRITORIES: Cook 
Islands Annual Report for Year Ended March 
31, 1952. Wellington, New Zealand, 1953. 

9. Summons, R. T., Graypon, J. J., SEMPLE, N. M., 
and Fry, E.I.: A blood group genetical survey 
in Cook Islanders, Polynesia, and comparisons 
with American Indians. Am. J. Phys. Anthrop. 
13:667 1955. 

10. Foop AND AGRICULTURE ORGANIZATION: World 
Census of Agriculture, Report on Cook Islands, 
1950. 

11. Grance, L. I. and Fox, J. P.: Soils of the Lower 
Cook group. New Zealand Department of Scien- 
tific and Industrial Research, Soil Bureau Bulle- 
tin (n.s.) 8, 1953. 

12. Hercus, C. E. and Farne, S.: The Rarotongan 
villagers’ environment. Tr. Roy. Soc. Trop. 
Med. & Hyg. 45: 358, 1951. 

13. NicHotts, L.: Tropical Nutrition and Dietetics, 
Bailliere, Tindall and Cox, London, 1951, pp. 402- 
426. 

14. Pratt, B. S.: Tables of representative values of 
foods commonly used in tropical countries. Med. 
Res. Counc. Spec. Rep. Ser. No. 253. H. M. 
Stationery Office, London, 1953. 

15. C. D., WEAVER, M. and Okita, 
Food Values of Portions Commonly Used, Hawaii 
Supplement to Bowes and Church. U. of Hawaii 
Home Economics Department, Honolulu, 1949. 

16. CHATFIELD, C.: Food composition tables for inter- 
national use. FAO Nutritional Studies No. 3, 
1949. 


= 
‘= 
By 
. 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


. CHATFIELD, C.: Food composition tables—min- 
erals and vitamins—for international use. 
FAO Nutritional Studies No. 11, 1954. 

. Miter, C.D.: The nutritive value of some native 
foods compared with highly milled cereals. 
Pacific Science Assoc. 7: 428, 1949. 

. Massa, E. and Barrau, J.: Pacific subsistence 
crops: breadfruit. South teeeasd Commission 
Quart. Bull. 4:24, 1954. 

. Leunc, W. T. U., Pecot, R. K. and Wart, B. 
K.: Composition of foods used in Far Eastern 
countries. U.S. Dept. of Agric. Handbook, No. 
34, 1952. 

. Watt, B. K. AND MERRILL, A. L.: Composition 
of foods—1aw, processed, prepared. U.S. Dept. 
of Agric. Handbook, No. 8, 1950. 

. LANGLEY, D.: Nutrition Survey of the Kingdom of 


[Vol. 5, No. 1 


Tonga, South Pacific Health Service, Suva, Fiji, 
1952. 


. BucuAnan, J. C. R.: A Guide to Pacific Island 


Dietaries. South Pacific Board of Health, Suva, 
Fiji, 1947. 


. COMMITTEE ON CALORIE REQUIREMENTS: Calorie 


requirements. FAO Nutritional Studies No. 5, 
1950. 


. Foop AND NvuTRITION BoAaRD: Recommended 


dietary allowances. Nat. Res. Council, Pub. 302, 
Washington, D. C., Revised 1953. 


. Norris, T.: Dietary surveys: their technique 


and interpretation. FAO Nutritional Studies 
No. 4, 1949. 


. Witper, G. P.: Flora of Rarotonga. B. P. 


Bishop Museum Bulletin, No. 86, Honolulu, 
1931. 


Little Lessons in Medical Discretion 


“You are called to see young Mary J., who has tonsillitis. You then cross the 
road and visit Mrs. B., who asks: ‘What is the matter with Mary J.?’ You say 
that she is ‘not very well,’ which is obvious, for otherwise you would not be visiting 
her, and perhaps that will satisfy Mrs. B. But if Mrs. B. persists, and says, ‘What 
is the matter with her?’ then you must say that you do not talk about your patients, 


and Mrs. B., being aware of her ventral hernia, or her eczema, or whatever it is that 
she suffers from, will appreciate the point. The next time you visit Mary J. she has 
pneumonia, and again you'avoid telling Mrs. B. The third time you visit Mary she 
has had a two months’ miscarriage, and again you may admit that Mary is ‘not very 
well.’ 

“How different it would be if, in the first case, you had said, ‘Tonsillitis’; in the 
second case you had told Mrs. B. she had pneumonia, but that you would soon get it 
better ‘with penicillin and these new antibiotics.’ What can you then say on the 
third occasion? Can you mount your high horse and say you do not talk about your 
patients? Mrs. B. knows you do, and Mrs. B. will jump to the right conclusion just 
as clearly as if you had told her in so many words, and before the noise of your ex- 
haust has died in the street, the news will be all over the garden wall that ‘Mary J. 
is in trouble!’ ” 

—J.H. Kerr. Med. Press 234: 569, 1955. 
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Microbiologic Assay for the Thiamine 


Content of Blood of Various Species 


of Animals and Man‘ 


By Marcaret A. Epwarps, B.S., MARGIE L. KAUFMAN, B.S.,t AND CLARA A. STORVICK, PH.D. 


HERE ARE a number of reports in the 
literature concerning the thiamine content 

of the blood of various species of animals. 
Several methods of thiamine assay are in- 
volved, and there appears to be a wide range 
of values within a given species as well as 
among the various species. It is difficult to 
estimate how much of this difference in values 
is a result of the variety of methods employed 
in the determinations and how much is due to 
_ the actual difference in the thiamine content of 

the blood samples. 

In this laboratory, samples of blood of a num- 
ber of animals were assayed for thiamine by a 
modification of the Lactobacillus fermenti 36 
method advocated by Sarett and Cheldelin,' 
and also by a modification of a chemical 
method described by Friedemann and Kmie- 
ciak.? 

This paper deals primarily with the adapta- 
tion of the Sarett and Cheldelin! thiamine assay 
to small quantities of blood and with a com- 
parison of values received by the microbio- 
logic and chemical methods on the same 
samples. In addition, values are given for 
the microbiologic estimation of thiamine on 
human blood samples obtained by finger 
puncture and on several other samples for 
which the quantity was not sufficient to permit 
analysis by both methods. 


METHOD 


Oxalated or citrated blood samples were 
pipetted directly into cold 5 per cent trichloro- 
acetic acid (TCA) in the proportion of 22.5 


* Technical Paper No. 948, Oregon Agricultural 
Experiment Station. 


+ Present address: North Powder, Oregon. 


ml TCA per 5 ml blood. After standing in the 
cold for one hour, they were centrifuged at 
high speed for one hour at 4° C. All of the 
protein-free supernatant was poured off and 
measured. If the volume did not equal ex- 
actly 25 ml for each 5 ml of blood, it was 
brought up to that amount with 5 per cent 
TCA. Since previous experimentation found 
no thiamine in repeated washings of the protein 
precipitate, it was assumed that each 25-ml 
portion of supernatant contained the thiamine 
of 5 ml blood. These samples were analyzed 
for thiamine microbiologically without enzyme 
digestion. 

To 25 ml of supernatant, were added 10 ml 
sodium acetate-acetic acid buffer, pH 4.5, and 
a sufficient amount of distilled water to acquire 
the desired dilution of the samples in accor- 
dance with the estimated thiamine content. 
The samples were then autoclaved at 15 
pounds pressure for 10 minutes to drive off 
the TCA, the pH was adjusted to 6.5, and the 
volumes were readjusted to compensate for 
the loss of water in autoclaving. 

The method of Sarett and Cheldelin' was 
employed for the completion of the assay with 
the incorporation of the following modifica- 
tions: 

(1) Two suggestions of Fang and Butts* 
were carried out in the preparation of the basal 
medium. Thirty-two g of dextrose plus 8 g of 
maltose replaced 40 g of dextrose. The alkali- 
treated peptone solution used in the medium 
was boiled for five minutes during its prepara- 
tion. 

(2) A somewhat different medium was 
used for maintaining stock cultures. It was 
similar to the microassay culture agar de- 
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scribed in the Difco Manual,‘ except that sor- 
bitan mono-oleate was omitted and the 
medium was enriched with thiamine hydro- 
chloride to the extent of 1 ug per ml. 


(3) The modification of Cheldelin, Ben- 
nett, and Kornberg,’ which consists of adding 
an excess of thiamine to the inoculum broth, 
was also adopted. 


(4) The strength of the inoculum was in- 
creased. An 18-hour inoculum broth culture 
was centrifuged, the cells resuspended in 10 ml 
of 0.9 per cent saline, centrifuged again, and 
then resuspended in 10 ml saline. Ten drops 
(approximately 0.3 ml) of this suspension were 
added to 10 ml saline and each tube of the 
assay was inoculated with one drop of the 
resultant suspension. The procedure pro- 
duced very low blanks and, in general, gave 
an almost linear response up to the level of 
0.04 wg thiamine per tube. After this point 
the response leveled off, in most instances 
gradually, but occasionally quite abruptly. 
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RESULTS 


As can be seen in Table I, there appears to 
be a great deal of variation in the thiamine con- 
tent of the blood among species of animals. 
Horse blood, with a value of 1.3 to 1.8 wg per 
100 ml contained the least thiamine, while hog 
blood, ranging from 10.4 to 18.0 ug per 100 ml 
contained the most. The values for the rest 
of the blood samples are well distributed be- 
tween these figures. ; 

Hog blood showed a wide range in thiamine 
content among individual animals; human 
blood showed little variation. There were not 
enough samples from the other animals to 
draw a conclusion as to the difference in thia- 
mine content of the blood of individuals within 
a species. No attempt was made to obtain 
data on thiamine intake of either animal or 
human subjects. However, all the human 
subjects were presumably well-nourished in- 
dividuals and the blood samples obtained by 
finger puncture (Table 1) were drawn while 
the subjects were in the fasting state. 


TABLE I 
Comparison of Thiamine Values Obtained by Microbiologic and Chemical Assay on the Same Sample of Blood 


Method of assay 
Microbiologic Chemical 


Source of blood 


Method of assay 
Microbiologic Chemical 


Source of blood 


ng/100 ml 
Bear cub 7.9 
Calf No. 1 
Calf No. 2 
Cow 
Chicken 
Deer 
Hamster 
Hog No. 1 
Hog No. 2 
Hog No. 3 
Horse No. 1 
Horse No. 2 
Human No. 1 
Human No. 2 
Human No. 3 
Human No. 4 
Human No. 5 
Human No. 6 
Human No.7 
Human No. 8 
Human No. 9 


ug/100 ml 


, 


ug/100 ml 
Human No. 10 5.1 
Human No. 11 
Human No. 12 
Human No. 13¢ 
Human No. 14¢ 
Human No. 
Human No. 
Human No. 17+ 
Lamb 
Lion cub 
Mink No. 1t 
Mink No. 
Mink No. 3t 
Monkey 
Rabbit 
Sheep No. 1 
Sheep No. 2 
Sheep (Mouflon) 
Turkey No. 1 
Turkey No. 2 


ne /100 ml 


— 


OR AAS 


* Sample not sufficient for chemical analysis. 
t+ Samples obtained by finger puncture. 
t Pooled sample from 4 animals. 


— 
4.7 
3.6 
4.4 
0 
0 
0 
* 
* 
6.4 
* 
7.5 
5.0 
* 
* 
5.3 
4.9 
5.6 
6.4 
6.8 
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DISCUSSION 


In reviewing Table I for a comparison of 
thiamine values arrived at by two different 
methods, it can be seen that: (1) values on 
human blood agreed very closely; but (2) 
values for the blood of other species were not 
in such good agreement. They were neither 
consistently lower nor consistently higher by 
either method. 

Albritton® has summarized some of the 
values given by other workers on the thiamine 
content of animal blood, including that of man. 
However, it is necessary to refer to the original 
publications to get information as to the par- 
ticular method applied and as to the number 
of animals involved in each study. 

Goodhart and Sinclair’? used a manometric 
method which measures the CO: produced 
when a sample containing cocarboxylase is 
added to a suspension of alkaline-washed yeast 
and allowed to react with sodium pyruvate as 
a substrate. They reported values for human 


- blood ranging from 4.5 to 12.0 ug per 100 ml. 
Westenbrink ef al.§ modified this original 

manometric method somewhat and used it to 

determine the aneurin (thiamine) pyrophos- 


phate (APP) content of the blood of a number 
of animals. Some of the values they record 
are shown in Table II. 


TABLE II 


The Thiamine Pyrophosphate Content in the Blood of 
Various Species According to Westenbrink et al. 


Species 


Calf 

Pig 

Sheep 

Horse 

Man 11.2+1.5 


ug per 100 ml blood* 


* From Westenbrink ef al.8 


Albritton also refers to the studies of Smits 
and Floryn® on human blood, for which they 
obtained values from 7 to 14 wg per 100 ml by 
the manometric method, and to Meiklejohn’s 
work” adapting the Phycomyces growth tech- 
nique to the analysis of blood. Meiklejohn 
reported values ranging from 6.5 to 14 ug per 
100 ml for human blood and 6.5 to 9.8 uwg/100 
ml for sheep blood. Sinclair"! questioned the 
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specificity of the Phycomyces method and stated 
that ‘‘blood contains substances other than 
vitamin B, that affect the growth of the 
fungus”’ and indicated that the pyrimidine and 
thiazole moieties of thiamine can also be 
utilized by it. However, he felt that ‘f the 
possible sources of error were considered and 
controlled as much as possible, it was still valu- 
able for comparing the ‘‘apparent Vitamin B, 
in different samples of blood.” 

In addition to the works referred to by Al- 
britton, there have been other studies involving 
the estimation of blood thiamine in the species 
of animals which were also studied in this lab- 
oratory. 

Pence and associates!” report the mean blood 
thiamine values for 13 pigs in the semifasting 
state as 17 ug per 100 ml and for 9 nonfasting 
pigs as 21 wg per 100 ml. They used a modifi- 
cation of the thiochrome technic of Hen- 
nessy and Lewis. 

Also using a thiochrome technic Yam- 
adori!* obtained the following thiamine values 
for whole blood: horse, 6.38; cow, 6.36; hog, 
9.9; human 6.95 wg per 100 ml. 

Blanchaer and Cameron" report thiamine 
values ranging from 3.8 to 12.8 ug/100 ml for 
human blood samples assayed by the Sarett 
and Cheldelin method. 

As far as blood thiamine values for man are 
concerned, those obtained in this laboratory 
by the microbiologic assay method are lower 
than most of the values cited. However, they 
agree well with values obtained by a macro- 
chemical thiochrome assay on the same blood 
samples, and also with results reported from 
this laboratory by Dubé ef al.,"° who used a 
microchemical method. These workers found 
that the average fasting blood thiamine values 
ranged from 3.3 to 5.4 ug per 100 ml when the 
intake of thiamine was about 500 ug per 1000 
calories. It is felt that the comparatively low 
thiamine values obtained in this laboratory 
can be attributed to the assay methods em- 
ployed, rather than to differences in the 
nutritional status of the subjects involved. 

Thiamine values obtained in this laboratory 
on the blood of various species of animals are 
in fair agreement in most instances with those 
recorded by other investigators. In comparing 
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values derived from microbiologic methods it 
must be borne in mind that blood is a complex 
substance, and the possibility that it contains 
factors other than the one being assayed which 
stimulate or depress the growth of certain 
micro-organisms must not be overlooked. 
The Lactobacillus fermenti 36 culture used in 
this laboratory was not stimulated by the 
pyrimidine and thiazole moieties of thiamine. 
No growth was obtained when pyrimidine and 
thiazole were substituted either separately or 
together for thiamine hydrochloride in a series 
of tubes containing basal medium, and no ad- 
ditional stimulation was noted when they were 
added to tubes containing a known amount of 
thiamine. The organism, however, is able to 
utilize the pyrophosphate of thiamine. 

It was found that saline suspensions of the 
organism contained considerable acid phos- 
phatase activity, as confirmed by a modifica- 
tion of the method of Bessey, Lowry, and 
Brock'* in which paranitrophenyl phosphate 
is used as a substrate. Since the organism it- 
self produced an enzyme capable of splitting 
cocarboxylase, it seemed unnecessary to add an 
external enzyme (i.e., takadiastase) for this 
purpose. This was confirmed in this lab- 
oratory by setting up a series of samples and 
assessing the thiamine value both with and 
without enzyme digestion. Most of the values 
obtained using the two methods were either 
identical or checked each other within a rea- 
sonable range of experimental error. 

In view of the many thiamine determinations 
made in this laboratory by a microbiologic 
assay procedure employing the use of Lacto- 
bacillus fermenti 36, and the generally good 
agreement with values achieved by other 
methods, it is felt that this is a reliable tech- 
nique, with the additional advantage of re- 
quiring relatively small amounts of blood, 
i.e., 5 ml as compared with a minimum of 15 
ml for the macrochemical method. 


SUMMARY 


A modification of the Sarett and Cheldelin 
method of thiamine assay by the use of Lacto- 
bacillus fermenti 36 is outlined, and values are 
given for a number of blood samples assayed 
by this method as well as by a macrochemical 
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method. The small amount of blood needed 
for a microbiologic assay is a distinct advan- 
tage over the macrochemical method usually 
employed. When the thiamine values ob- 
tained by the two methods are compared it is 
found that the values on human blood agreed 
very closely, but those for the blood of other 
species were not in such good agreement. 
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E pluribus unum 


“Tf one asks a variety of medical men what, in their opinion, are the disturbing 
tendencies in medicine, one will receive a variety of answers, but in general they 
will all reflect an awareness of the same underlying tendency. One will complain of 
the impossibility of keeping abreast of the flood of new medical knowledge. Another 
will deprecate the tendency to narrow specialisation. A third will complain of the 
increasing divorce between practice and research. Yet another will deplore the 
invasion of medicine by non-medical experts from the natural sciences; a fifth the 
shrinking number of medically qualified men in the pre-clinical fields. These appre- 
hensions are all manifestations of the same need—the need to find a concept which 
enables us to organise the different branches of medical knowledge so as to preserve 


the intellectual unity of the whole.” 


—Sir H. Himsworth. Brit. M. J. 2: 217, 1955. 
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Examiners’ Ratings of Color Transparencies 
of Clinical Signs Associated 
with Vitamin Deficiencies 


By Susan B. MERROW, M.ED.,* Mary M. CLayTON, PH.D.,} CHESTER A. NEWHALL, M.D.,t 
AND WALTER D. Foster, PH.D.§ 


N ORDER to diagnose and treat, or prevent 

vitamin deficiencies, it is necessary to have 
some means of measuring the incidence and 
severity of such deficiencies. Tissue changes 
specific for the severe forms of certain avita- 
minoses such as scurvy, beri-beri, pellagra, 
rickets, etc. are well established. In 1945, 
the Council on Food and Nutrition of the 
American Medical Association! published a 
description of the currently accepted stigmata, 
symptoms, and therapy for vitamin deficiencies. 
For some time these stigmata have been 
used by physicians in evaluating the nutri- 
‘tional status of groups and individuals. There 
appears to be, however, considerable dissatis- 
faction with the reliability and validity of 
these signs in establishing relationships be- 
tween mild tissue abnormalities and nutritional 
status. The validity or specificity of those 
signs will not be considered in this report which 
deals only with the differences between ex- 
aminer ratings of Kodachrome slides showing 
tissue changes ascribed to vitamin deficiencies. 


This study was part of the Northeastern Regional 
Nutritional Status Projects NE-4 and NE-16;  co- 
operative studies involving agricultural experiment sta- 
tions in the Northeastern Region and supported in part 
by regional funds. 

Vermont Agricultural Experiment Station Journal 
Series Paper No. 61. 

* Assistant Nutritionist, Vermont Agricultural Ex- 
periment Station, Burlington, Vt. 

t Nutritionist, Maine Agricultural Experiment Sta- 
tion, Orono, Me. 

t Professor of Anatomy, University of Vermont, 
College of Medicine, Burlington, Vt. 

§ Formerly, Regional Biometrician, West Virginia 
Agricultural Experiment Station, Morgantown, W. Va. 
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The subjectivity of examiners seems to be a 
major cause of variation in the appraisal of 
early or mild clinical manifestations of nutri- 
tional deficiency. The seriousness of this 
problem has not only been recognized,®* 
but conclusively demonstrated by actual 
studies. Bransby and Hammond,‘ in a study 
utilizing 14 clinicians and 301 children found 
that there was considerable lack of agreement 
between clinicians on their findings of clinical 
grades and incidence of clinical signs for in- 
dividuals and groups. Bean® reported a study 
involving a total of 513 men and 14 physicians 
trained in clinical nutrition. Significant varia- 
tions were found in the observations when 
a set of objective standards were used in 
examining soldiers for early or mild signs 
possibly indicative of nutritional deficiency. 
Considerable variability in the findings ob- 
tained by different physicians was also noted in 
the Co-operative Nutritional Status Studies in 
the Northeast Region.® 


METHODS 


In the present study, Kodachrome slides 
were utilized as a means of investigating further 
the variations in appraisals made by different 
examiners of selected physical signs frequently 
associated with vitamin deficiencies. Forty- 
eight slides were used, including twelve of the 
eyes, eleven of the skin (limbs), thirteen of the 
gums, three of the lips, and nine of the tongue. 
Pictures were taken under controlled conditions 
with a model 300 Coreco camera* which is 


*Coreco Research Corporation, 159 West 25th 
Street, New York 1, N. Y. 
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especially adapted for this type of photog- 
raphy. 

The examiners were seven physicians and one 
dentist who had taken part in the NE-4 and 
NE-16 Northeastern Regional Nutritional Sta- 
tus Projects. Each one independently rated 
each slide according to the following criteria.’ 


PHYSICAL SIGNS 


Eyes 
Lids: 
Edema (generalized without redness).....0 1 2 3 
0. None 


1. Swelling without obvious narrowing of 
palpebral fissure 
2. Swelling with obvious narrowing of palpebral 


fissure 
3. Swelling with obliteration of palpebral fissure 
Marginal 0128 
0. None 
1. Redness 


2. Redness and scaliness 
3. Severe inflammation including swelling 
Outer Cantht Lesions... 0123 
0. None 
1. Scaliness, dried exudate 
2. Preceding plus inflammation (indicated by 
redness) 
3. Inflammation and fissuring 
Lower Lids (conjunctiva): 
Follicular Hypertrophy................. 0123 
0. None 
1. Only on lateral aspect lower lid 
2. Punctate, discrete, granular elevations re- 
sembling sand on the conjunctiva 
3. Same as 2 and inflammation 
Inflammation (indicated by redness). .... 0123 
0. Normal salmon tint 
1. Dull red 
2. Scarlet red 
3. Beefy red 
Bulbar Conjunctiva: 
Circumcorneal Injection............. A P (0,2)* 
Thickening:t General (use Magni- 
0. Bluish transparent except at extreme inner 
and outer borders, smooth 
1. Slightly translucent, slightly opalescent, 
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3. Opaque, irregular surface 
Thickening: Localized (number of raised 


Lips 


Cheilosis, as indicated by: 


Gums 


Examine at least the labial surfaces of upper and 
lower gums from mid-line to and including both 
sets of canine teeth. If data are based on more 
extensive examination, then state extent of ex- 
amination. 


0. Normal pale pink 
1. Dull red 
2. Scarlet red 
3. Beefy red 


Puffy, smooth, plump, spongy appearance. May 

be tested by temporary pitting following momen- 

tary firm pressure with bare tip of wood appli- 

cator stick (flat end). 

0. None 

1. Puffiness evident in papillary gingiva 

2. Puffiness evident in papillary and marginal 
gingiva 

3. Puffiness evident in papillary, marginal, and 
alveolar gingiva 

Enlargement giving a very firm, hard, tight ap- 

pearance. May be tested by absence of tempo- 

rary pitting following momentary firm pressure 

with bare tip of wood applicator stick (flat end). 

The sensation is one of hardness of gum tissue. 

0. None 

1. Enlargement in papillary gingiva (perhaps 
giving collar effect) 

2. Enlargement in papillary and marginal gin- 
giva (perhaps giving collar effect) 

3. Enlargement in papillary, marginal, and 
alveolar gingiva (perhaps giving wide, 


smooth straight band appearance) 
2. Translucent, opalescent, slightly irregular Blunting of interdental papilla (ae)...... 0123 
surface Shown by rounded point or no point and/or loss 
* Numbers in parentheses indicate the numerical value assigned of height. Blunting 1s disregarded if spacing of 


or the statistical analysis in this study. teeth is 1 mm. or mge at sites of their marginal 
Tt Medical Evaluation of Nutritional Status IV. The ocular 


the detection of early changes by biomicroscopy. . D. Kruse, . ; 

Pub. Health Rep. 56 (No. 26): 1301-1324, 1941. See pages 0. Normally a papilla extends between two 
teeth for about half the distance of their 


1303-1305 for gross Edroy Prod- 
Wa, roy Pro normally exposed length 


ucts Co., 480 Lexington Ave., New York 17, N. Y 
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P (0,2) 

P (0,2) 
Vertical markings increased.........A P (0,2) a 
Vertical markings decreased.........A P (0,2) a 
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Papillae reduced in height to one-fourth 
normally exposed surface of adjacent teeth 
2. Papillae reduced from one-fourth to just 
above normal baseline of marginal gingiva 
3. Papillae reduced to or beyond level of 
normal marginal gingiva 
Recession (marginal or marginal and attached gin- 


Into marginal gingiva 

2. Beyond marginal gingiva 

3. Into and possibly throughout alveolar gin- 
giva 

Retraction (gum is detached so that a space is pres- 
ent between gum and tooth) 

0. None 

1. Detachment of papillary gingiva 

2. Detachment of papillary and marginal gin- 
giva 

3. Detachment of papillary and marginal gin- 
giva greater than 2 


Tongue 
Color (underline) 
Normal (0) Reddened (2) Magenta (2) 
Swelling 
0. None 
1. Puffy appearance noted after careful exam- 
ination 
2. Puffy appearance obvious at first glance 
3. Puffy appearance greater than 2 
Fissuring 
0. None (normal) 
1. Central or central with branches 
2. Multiple (central fissure with one or more 
parallel with it, including branches if pres- 
ent) 
3. Cobblestone, etc. 
Papillae, Fungiform: Enlargement 
0. None 
1. Slight on tip or tip and margins 
2. Anterior third and margins 
3. Anterior plus middle third or more 
Papillae, Fungiform: Atrophy 
Shown by a shift toward smooth tongue. 
0. None 
1. Slight on tip or tip and margins 
2. Anterior third and margins 
3. Anterior plus middle third or more 
Papillae, Filiform: Enlargement 
0. None 
1. Slight on tip or tip and margins 
2. Anterior third and margins 
3. Anterior plus middle third or more 
Papillae, Filiform: Atrophy 
Shown by a shift toward smooth tongue. 
None 
Slight on tip or tip and margins 
Anterior third and margins 
Anterior plus middle third or more 
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Skin 
Xerosis (Upper limbs and mid-thigh regions down): 


Normal oily sheen of skin 
Slight grayish powdery appearance lacking 
normal sheen 
Obvious definite powdery appearance 

3. Intensity greater than 2 

Crinkling 

0. Normal smooth skin 

1. Faint alligator scale-like pattern 

2. Well defined pattern 

3. Well defined pattern with easily observed 
grooved boundary markings 


0. Normal smooth skin 

1. Skin beginning to scale 

2. Scales with flakes shedding 

3. Intensity greater than 2 with free shedding 
Follicular Hyperkeratosis (excluding elbows and 


0. 

1., A few scattered hyperkeratotic follicles pres- 
ent (not receding following contact with 
warm hand) 

Moderate number of hyperkeratotic follicles 
with rough, grater-like surface easily pal- 
pable 

3. Large number of protruding, rough, horny, 
keratotic follicular plugs 

Perifollicular Petechiae 


The ratings given each of the slides for a 
particular sign were averaged for individual 
examiners and are presented in Table I. Here 
the variation among examiners can be seen. 
One should keep in mind that not all of the 
ratings had the same range of values. The 
analysis of variance offers a statistical test 
of agreement among examiner averages, using 
as the criterion the consistency of the differ- 
ences between examiners from slide to slide. 
In 30 of the 38 signs, differences between 
examiners were found to be significant at the 
5 per cent level. These results are summarized 
in Table II under the column of F ratios® for 
examiners. 

DISCUSSION 


How can these results be applied to the 
question of how precise the evaluations need to 
be for clinical (photographic) assessment of 
nutritional status? One kind of answer can be 
suggested by considering these results with 


58 
0. None 

Dermatitis (pellagrous)...............A P (0,2) 
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Examiner Averages in Rating of Physical Signs 


Physical signs 


Eyes 
Lids: 
Edema 


Marginal Blepharitis 
Outer Canthi Lesions 


Lower Lids: 


Follicular Hypertrophy 


Inflammation 


Bulbar Conjunctiva: 
Circumcorneal Injection 


Thickening 
General 
Localized 

Lips 
Swelling 
Maceration 
Fissures 
Shininess 
Thinning 
Scaling 
Vertical Markings 
Increased 
Decreased 
Gums 
Color 
Bleeding 
Swelling 
Thickening 
Blunting 
Recession 
Retraction 
Tongue 
Color 
Reddened 
Magenta 
Swelling 
Fissuring 


SS 8&8 
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Or 


Papillae, Fungiform 


Enlargement 
Atrophy 

Papillae, Filiform 
Enlargement 
Atrophy 

Skin 

Dryness 

Crinkling 

Scaling 


— 
own 


8S 8& 


© 


oo 


or 


Follicular Hyperkeratosis 
Perifollicular Petechiae 


Purpura 
Dermatitis 


* Dentist. 
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TABLE I 
Examiners 
1 2 3 4 5* 6 7 8 
po 0.67 0.75 0.42 0.92 0.58 0.00 0.33 
0.50 1.00 0.33 1.17 0.50 1.50 0.83 
0.17 0.17 0.17 0.75 0.25 0.17 0.17 
Co 0.17 0.33 0.42 0.83 0.92 1.08 0.08 x a 
PF 1.17 0.58 0.75 0.50 0.58 0.42 0.42 e 
| oar | 0.17 | 
| 
0.38 
0.62 
0.92 
0.62 A 
1.15 
0.69 
| 0.92 : 
1:28 89 0.67 0.89 1.11 0.44 
0.22 44 0.44 0.22 0.67 0.00 
0.78 67 0.22 0.89 1.89 0.67 
0.89 67 0.44 0.67 0.89 0.22 a 
0.78 1.22 0.67 
0.22 0.56 0.44 
0.67 | 1.44 I 0.00 | 1.67 0.11 
0.22 0.33 itl 0.56 0.11 0.00 
2.36 2.09 1.27 
1.55 1.36 0.91 
2.09 1.91 1.00 
0.73 1.27 1.27 
na 0.18 0.18 0.18 
0.36 0.00 0.36 
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TABLE II 


Evaluation of Differences Among Examiners 


Number Number of F ratio 
slides examiners examiner* 


Eyes 
Lids 
Edema 
Marginal Blepharitis 
Outer.Canthi Lesions 
Lower Lids 
Follicular Hypertrophy 
Inflammation 
Bulbar Conjunctiva 
Circumcorneal Injection 
Thickening: General 
Thickening: Localized 
Lips 
Swelling 
Maceration 
Fissuring 
Shininess 
Thinning 
Scaling 
Vertical Markings: Increased 
Vertical Markings: Decreased 
Gums 
Color 
Bleeding 
Swelling 
Thickening 
Blunting 
Recession 
Retraction 
Tongue 
Color: Reddened 
Color: Magenta 
Swelling 
Fissuring 
Papillae, Fungiform: Enlargement 
Papillae, Fungiform: Atrophy 
Papillae, Filiform: Enlargement 
Papillae, Filiform: Atrophy 
Skin 
Dryness 
Crinkling 
Scaling 
Follicular Hyperkeratosis 
Perifollicular Petechiae 
Purpura 
Dermatitis 


6 5 
6 3 
6 4 
6 6 
6 5 
6 
6 + 


-_ on 


WS 


* F ratio of examiner mean square/examiner X slide mean square. 

+ N = number of examiners needed to declare 85 times in 100, a difference of two steps in severity rating as 
significant at the 5% level. 

t Significant at the 1% level. 

§ Significant at the 5% level. 

NS not significant. 
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| 
| 

Physical sign Nt | 
12 7 3.194 3 
12 7 4.55t 4 
12 7 2.428 2 
12 7 5.24t 4 | 
12 7 2.318 3 | 
12 7 2.518 3 
12 7 7.35t +5 
12 7 19.01t 8 
| | 
3 
3 
3 
3 ( 
3 
3 i 
13 
13 
13 
13 
13 
13 
13 
9 
9 
9 
9 
9 
9 
9 
9 
il 
11 
11 
11 
11 
11 
11 
I 
1 
1 
—. 


January-February 1957] 


study. Suppose it is desired to compare 
clinical results obtained photographically from 
a survey on a subject-to-subject basis. The 
clinical results should be sufficiently precise to 
differentiate 85 times out of 100 between 
severity ratings of two-step intervals (or be- 
tween ‘‘absent”’ and “present” if all signs were 
rated in only two categories) at the 5 per cent 
level of significance. Postulate further that 
the examiners in this referee slide study could 
be considered as a representative group of 
physicians likely to participate in a field 
survey—not an unreasonable assumption. 

The results here indicate that the number 
of examiners needed to appraise each subject’s 
color slide for a particular sign would be four or 
less for 30 of the 38 signs included here, as can 
be seen in Table II under the column headed N. 
Only eight signs required more than four ex- 
aminers. ‘Lo detect differences of one-step 
intervals would require approximately four 
times as many examiners as indicated in the 
table. 

When applying these findings to a clinical 
situation there are several factors which should 
be considered. Although further study would 
be necessary to determine the relationship of 
examiner ratings on slides versus ratings of 
subjects, experience has shown that these slides 
provide a reasonably accurate clinical record of 
tissue. Furthermore, the slide provides for 
more objective evaluation of the tissue as it is 
dissociated from the subject. On the other 
hand, exact color reproduction offers some 
difficulties, especially when the exposure or 
processing of the film has resulted in a faulty 
tint or when reflections cause high lights. 
Inexperienced examiners may find such distor- 
tions disturbing. By far the greatest advan- 
tage of color slides is that they provide actual 
pictures of tissue that can be observed by many 
examiners and compared with subsequent 
examinations of the same tissue in contrast to 
the written record or memory of the examiners. 

Previously, there had been no satisfactory 
method of recording incidence of tissue ab- 
normalities and tissue changes associated with 
mild forms of vitamin deficiency. Koda- 


respect to the survey type of nutritional status 
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chrome slide records may very well be the 
answer to this problem. Inexperience in the 
use of slides is by no means an insurmountable 
difficulty. As color photography improves 
and standard conditions of film exposure and 
projection are achieved, we should be able 
more fully to exploit the potential value of this 
new tool. 


SUMMARY 


Kodachrome slides of selected physical signs 
frequently associated with vitamin deficiencies 
were examined by seven physicians and one 
dentist, and independently rated according to 
written criteria. The results showed sig- 
nificant differences between examiners. In 
order to differentiate between severity ratings 
of two-step intervals 85 times out of 100, the 
findings indicated that the number of ex- 
aminers needed to appraise each subject’s color 
slide for a particular sign would be four or less 
for 30 of the 38 signs studied. Factors to be 
considered when utilizing Kodachrome slides 
in a nutrition study were reviewed. 
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The Preconception Diet of Women Who 


Have Had Unsuccessful Pregnancies 


By ANNE BourRQUIN, PH.D.* AND ROBERTA BENNUM, M.S. 


N THE last decade great progress'has been 
made in the field of maternal and child 
health. Particularly is this true of maternal 
mortality, but in the areas of spontaneous 
abortion, and neonatal deaths of which pre- 
maturity and congenital malformation are the 
major causes, little headway has been made. 
Few scientists will now dispute the importance 
of a well planned diet during pregnancy on 
the outcome of that pregnancy. Food con- 
sumption studies during pregnancy have been 
and are being carefully correlated with the 
outcome. 

Much less emphasis, however has been placed 
upon the dietary intake of the women as they 
come to their pregnancy. Yet ‘‘the nutritional 
state of the mother at conception may well 
be as important as any change which can be 
brought about by dietary work in the prenatal 
clinic once her pregnancy is well under way.’’! 
Dieckmann et al.? have observed that “since 
a low-protein diet is found in patients who 
abort, it seems obvious that those women who 
have a history of abortion should be instructed 
to ingest 85 g or more of protein daily 
before conception.” Murphy* believes that 
malformation results from factors operating 
before fertilization. Burke* points out that 
previous to pregnancy, the diet is often found 
to be inadequate; Tompkin® has emphasized 
the importance of meeting the increased nutri- 
tional needs of pregnancy early in the first tri- 
mester since his research indicates that ‘the 
first two trimesters set the pattern for pre- 
mature labor and the second and third tri- 


* Professor of Nutrition and Chairman of Division, 
College of Home Economics, Syracuse University, 
Syracuse, N. Y. 

t+ Formerly Nutritionist, Department of Health, 
Syracuse, N. Y.. 


mesters establish the pattern for pre-eclamp- 
sia.” Surely there is some indication that the 
nutritional state prior to conception does exert 
an influence upon the course of the subsequent 
pregnancy. In a search of the literature we 
have found no study which undertakes to com- 
pare the preconception dietary habits of women 
who have had successful pregnancies with 
those of women who habitually have unsuc- 
cessful pregnancies. 

Is there a difference in the food pattern be- 
tween women who habitually abort and women 
who have successful pregnancies? An op- 
portunity to study this question presented itself 
in the winter of 1950 when the Pre-Pregnancy, 
Diagnostic and Treatment Clinic, under the 
direction of Dr. E. C. Hughes and Dr. C. 
Lloyd of the State University of New York, 
Upstate Medical Center, College of Medicine 
at Syracuse, asked us to participate in some 
nutrition studies. 


METHOD OF STUDY 


The nutrition interviews, diet analysis, and 
diet instruction were merely one part of the 
diagnosis and treatment received by the 
couples who voluntarily sought the aid of the 
Clinic. The husbands and their wives were 
given a complete medical examination and 
were studied for gross abnormalities with 
special reference to the generative tract. 
Endometrial biopsies were performed, phos- 
phatase and glycogen studies were made on 
this tissue and vaginal smears were done. 
Endocrine studies including basal metabolism 
and special hormonal assays on the pituitary 
gonadotropins were included. Blood studies 
for iodine, carotene, ascorbic acid, and vita- 
mins A and E were made. An attempt was 
also made to obtain a complete social history. 
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As the couples reported to the Clinic they 
were sent to the nutritionist. The dietary 
survey was made according to the Burke’ 
research dietary history method. The 51 
women included in this study were classified 
by the Clinic as habitual “‘aborters.’”’ They 
had had, up to the time they registered at the 
Clinic, 159 unsuccessful pregnancies, 2 pre- 
mature and 21 live children. For the purpose 
of this study pregnancies ending in abortion, 
miscarriage, stillbirths, fetal malformations 
and infants who lived only a few hours after 
birth, have all been classified under the term 
“unsuccessful” pregnancies. 

To compare the food habits of these women 
with those of women who had had successful 
pregnancies, birth certificates at the City Hall 
were used and a group of 30 families were 
selected and visited. The composition of this 
group was made as similar to the clinic group 
as possible. The choice of a family for this 
group was determined by the outcome of the 


_ pregnancies (all of which must have been suc- 


cessful), the age of the mother, the composition 
of the family and the socio-economic position 
of the family. Although the economic status 
was not determined in either group, families 
of comparable occupational classes (physicians, 
lawyers, firemen, grocers, salesmen, mechanics, 
teachers, and so forth) were chosen. 

The families were visited by the Clinic nutri- 
tionists. The purpose of the study was ex- 
plained to the families and their co-operation 
requested. The same method of study was 
used with the control group as that employed 
at the Clinic. A diet history was taken, wax 
models were used to illustrate the size of serv- 
ings and methods of measuring and recording 
the foods were demonstrated. The nutrition- 
ist left her telephone number and encouraged 
the women to call her if they had any questions. 
The women mailed their completed seven-day 
food record to the nutritionist. It had been 
the hope of the nutritionist to obtain a food 
record of both the husband and the wife but 
this proved impossible. Although the women 
expressed their interest and no doubt entered 
the study with the best of intentions, only 50 
per cent of the records could be used. Three 
of the records were dropped after it was found 
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during subsequent interviews that a child had 
been lost or that there was a child with a con- 
genital malformation. The other 12 women 
failed to submit their records. When the nu- 
tritionist telephoned them they gave as their 
reasons, lack of time to keep the records, sick- 
ness, vacations, and so forth. 

The seven-day diet records of both groups 
were analyzed using the Food Value Tables of 
Bowes and Church* and the adequacy of the 
daily intake was compared with the daily 
recommendations for non-pregnant adult 
women as suggested by the National Research 
Council in 1953. Analysis of variance was 
used for comparisons between the two groups.°® 


~ RESULTS 


A comparison of the average daily intake of 
nutrients calculated from the seven-day food 
record kept by the two groups is seen in Table 
I. Since protein has been stressed by several 
workers as being especially important in re- 
production, the values for total protein were 
divided into animal and vegetable sources to 
see whether a difference might be found in the 
quality of the protein. Similarly, the pre- 
formed vitamin A was separated from the 
carotene. 

When compared with the recommended 
allowances of the National Research Council, 
it will be seen that the average daily intake of 
nutrients for both groups was generally ade- 
quate. ‘Adequate’ is used in this paper in 
the sense that it meets (or comes within 90 
per cent of) the recommendations of the 
National Research Council. 

The differences between the intake of the 
two groups were not significant for any nutrient 
except thiamine. The women having suc- 
cessful pregnancies consumed more thiamine, 
significant at the 5 per cent level, than the 
group having unsuccessful pregnancies. 
Whether an average increased daily con- 
sumption of 0.14 mg of thiamine could be of 
physiologic significance might be open to 
question. 

However, if the average intake of each of the 
women in the two groups was considered in 
terms of the number of nutrients which were 
provided in amounts sufficient to meet 90 


> 
> 
l 
1 
1 
. 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


[Vol. 5, No. 1 


TABLE I 


The Average Nutritive Value of the Pre-Conception Diets of Women Who Habitually Abort and 
Those Having Successful Pregnancies 


Mean of unsuccessful 


Nutrient group (clinic) 


N.R.C. 


Mean of successful 
allowance 


group (control) 


Protein (Total) 60.9 g + 
Protein (Animal) 41.7 g 
Calories 1841 
Calcium 672 mg 
Iron 10.5 mg 
Vitamin A (Total) 5612 LU. 
Vitamin A (Preform) 
Thiamine 1.10 mg 
Riboflavin 1.44 mg 
Niacin 11.3 mg 
Ascorbic Acid 72.0 mg 


+ 2.0 55.0 g 
+ 72.25 2300 
+ 89.83 800 mg 
x= 0.29 12.0 mg 
. & 737.27 5000 


0.04 1.2 mg 
0.07 1.4 mg 
0.51 12.0 mg 
3.47 70.0 mg 


* Standard error of the mean. 


per cent of the National Research Council’s 
recommendations, it will be seen that in general 
the diets of the Clinic group (unsuccessful preg- 
nancies) were inferior to those of the control 
group. Twenty per cent of the Control group 
were eating diets within 90 per cent of the 
recomunended allowances, while only 9.9 per 
cent of the Clinic group ate diets of similar 
adequacy. In the diets of the Control group 
87 per cent of the nutrients were supplied in 
adequate amounts, while in the diets of the 
Clinic group only 50 per cent were adequately 
supplied. 


DETAILED STUDY OF THE DIETARY HABITS OF WOMEN 
WHO HABITUALLY ABORT 


A more critical study of the dietary habits of 
the women who had habitually aborted was 
made and was scrutinized in relation to their 
reproductive performance. The average 
caloric intake of the Clinic group was low. 
Sixty per cent of the women reported con- 
suming less than “adequate” calories. A 
caloric deficiency is not infrequently reported 
in studies of this kind. Wilson” in a study of 
Washington State families reported that only 
27 per cent in one group and 10 per cent in 
another group met the caloric recommenda- 
tions of the National Research Council. 
Previous to this Keys'! suggested that the 
ingestion of the recommended calories would 
result in obesity and Mayer"? noted that 
generally speaking, survey methods are weak- 


est where calories are concerned, since small 
carbohydrate snacks may escape detection by 
cross checks usually designed to verify the 
intake of protein, minerals and vitamins. In 
our study it is conceivable that since obstetri- 
cians are known to emphasize a low caloric 
intake during pregnancy this group may have 
been unduly calorie conscious. Indeed 60 
per cent of the histories carry one or more of 
the following entries—thin, lost weight, past 
or present history of having been given a diet 
with reduced calories; husband on a reducing 
diet. These plus the prevalence of reducing 
diets currently appearing in our popular maga- 
zines could well be factors contributing to a low 
caloric intake. 

To facilitate a more critical study of the 
dietary habits of the Clinic group the women 
were arbitrarily divided into three groups 
based on their protein intake. There were 12 
women consuming between 45 and 53 g of 
protein a day with an average intake of 50 g, 
these women were termed the “low’’ protein 
group (Table II). Twelve women were eat- 
ing between 67 and 95 g of protein with an 
average of 75 g a day (Table II). This 


group will be spoken of as the “high’’ protein 


group. The remaining 27 women had an 
average daily protein intake of between 54 
and 65 g of protein with a mean consumption 
for this group of 57 g of protein. A detailed 
record of only the groups having a ‘“‘high” and 
“low” protein consumption together with their 


TABLE II 


64 
1.29* 63.4 g 
44.9 
42.22 1932 
36.74 799 mg 
0.42 10.9 mg 
335.46 6417. L.U | 
2588 
0.038 1.24mg + 
0.02 1.53 mg + 
0.36 11.6 mg + 
4.33 68.0 mg + ' 
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reproductive performance will be seen in 
Table II. 

A comparison of the average dietary intake 
of the three groups brought out some interest- 
ing differences. In the “low” protein group 
only one woman reported an adequate caloric 
intake. Although in this report the group was 
designated as “‘low protein’’ actually the intake 
was 85 per cent or less than the N.R.C.’s 
recommendations in only 3 of the 12 women. 
The protein intake of the other nine women 
was adequate, as the term is used here. 

When the remainder of the nutrients are 
compared with the N.R.C. allowances it will 
be seen that none of the diets were entirely 
adequate. Two of the women were eating 
diets adequate in only one nutrient. In the 
diets of both of these cases vitamin A and in 
one, niacin, were provided in amounts less 
than one-half of that recommended. Four 
women were eating diets which furnished ade- 
quately only two nutrients. In two of these 
four diets all other nutrients were within 60 
per cent of the amounts which were recom- 
mended. Study of the other two diets showed 
that the consumption of calcium and _ ribo- 
flavin was less than 56 per cent of that con- 
sidered desirable. 

Four of the 12 women in this ‘‘low’’ protein 
group were ingesting diets in which three and 
four nutrients were adequate; all other 
nutrients were found to be within 68 per cent 
of that recommended. Of the remaining two 
subjects of this group, the diet of one had 
six, and the other seven, nutrients ingested in 
adequate amounts. In one of these (ER, 
Table II), the calcium furnished by her diet 
was less than one-half of the recommended 
allowance. The group as a whole consumed 
an average of only three nutrients in adequate 
amounts. The intake of calcium was least 
satisfactory, the average being only 66 per 
cent of recommended adequacy. 

In examining the dietary habits of the “high” 
protein group it was found that only two sub- 
jects failed to ingest adequate calories, (Table 
II). Five of these 12 women were eating diets 
not only high in protein but also adequate in all 
nutrients, when compared with the National 
Research Council’s recommendations. Of the 
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other seven women, one was found to be ingest- 
ing 69 per cent of the desired calcium; the intake 
of ascorbic acid in two women was 75 per cent 
of adequacy. As a group the average daily 


intake of nutrients was adequate in all respects. . 


The average dietary adequacy of the inter- 
mediate group was between that of the “low” 
and “‘high’’ protein groups. No women in this 
intermediate group had an entirely adequate 
diet, i.e., met National Research Council's 
recommendations. In the diet of five of the 
women the value of one nutrient in each diet 
was less than one-half of the advised amount. 
The deficient nutrients were calcium and 
ascorbic acid. 

At the time that the diets were analyzed 
the nutritionist discussed the adequacy of her 
diet with each woman and suggested ways by 
which it could be improved. When the 
woman was from out of town the nutritional 
allowances recommended by the National Re- 
search Council for pregnancy were also em- 
phasized at that time. This precaution was 
taken since the women from out of the city 
frequently saw the doctor at the hospital rather 
than at the clinic, thereby missing the ordinary 
check-up by the nutritionist. 

After pregnancy was established the nutri- 
tionist checked the eating habits of the woman 
at least once, and in about half of the subjects 
several times. No analysis was made of the 
diet eaten during pregnancy. All of the 
women were very anxious for children and in 
most cases the women reported that they were 
making the necessary corrections in their eating 
habits. When this was not so the women re- 
ported to the nutritionist until improvement 
was noted. 


REPRODUCTIVE PERFORMANCE 


It was found that at the time when all of 
the dietary histories were taken, between the 
winter of 1950 and the fall of 1952, the 12 
women in the “low’’ protein group had had a 
total of 37 pregnancies, of which 31 were un- 
successful and 6 resulted in live infants (Table 
III). By August 1955, when the data at the 
Pre-Pregnancy, Diagnostic and Treatment 
Clinic were reviewed, the ‘low’ protein 
group had been followed by the Clinic for an 
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TABLE III 


Summary of the Reproductive Performance of 51 Women Having Unsuccessful Pregnancies 


Before Clinic 


After Clinic 


Protein adeq. Total 


nutrients aaa Unsuc- | Prema- | Success- 
cessful 


Unsuc- | Prema- | Success- 
ful 


ture ful — cessful ture 


Low Protein| 12 | 50 3.1 em |. 6 |'b6 1 5 
Int. Protein | 27 57 4.7 93 @281 2 10 | M7 3 2 12 
High Protein| 12 75 7.5 52 7b47 £4 5 | 411 1 1 9 

Total 51 182 | 159 2 21 34 5 3 26 


average of 43 months. At this time six preg- 
nancies had been recorded for the group, one 
of which resulted in an abortion and five had 
been successful. 

For the 12 women eating the “high’”’ protein 
diets at the time the histories were taken, 
there were recorded 52 pregnancies; of these 
47 had been unsuccessful and 5 had been suc- 
cessful (Table III). At the time of the review 
in 1955 the clinical records showed that this 
group had also been followed for an average 
of 43 months. Since their attendance at the 
clinic there had been 11 pregnancies in this 
group of which one had ended in an abortion, 
one infant had been born premature, and 9 
pregnancies had been successful. 


DISCUSSION 


When the average adequacy of the seven-day 
food record of the Clinic Group was compared 
with the diet of a group of similar composition 
having had no reproductive failure, no strik- 
ing differences were found. There was a 
statistically significant difference, at the 5 per 
cent level, between the consumption of the 
two groups in respect to thiamine, the women 
with the successful pregnancies consuming 
slightly more thiamine. This is not in itself 
a very convincing dietary finding upon which 
to rest a possible reason for the differences 
found in reproductive performance. 

That there is a significant difference between 
the nutritive adequacy of the food consump- 
tion of the two groups is suggested when one 
considers the average daily adequacy of each 
individual diet. For the Clinic group, out of 
the eight nutrients which go to make up the 
Recommended Daily Dietary Allowance of the 
National Research Council, the average daily 


intake of adequate nutrients was 4.9 + 0.29, 
while the women with successful reproductive 
histories had been consuming an average daily 
diet providing 6.2 + 0.29 nutrients in satis- 
factory amounts, a difference significant at the 
5 per cent level. 

The members of the vitamin B-Complex 
have been associated with the reproductive 
function of the experimental animal in many 
ways. Of the individual members making 
up the complex, perhaps riboflavin has been 
studied in as extensive and careful a manner 
as any. Warkany’s!® work with adult female 
rats on diets deficient in riboflavin is well 
known. In humans no such severe deficien- 
cies exist. However, Brzezinski et al.'4 did 
report a study made in Jerusalem during 
World War II when there was a general de- 
ficiency of dietary riboflavin. The study was 
made on 326 pregnant women who were classi- 
fied and grouped according to their urinary 
riboflavin excretion. This work showed that 
the number of premature infants born to 
women with low riboflavin excretion was sig- 
nificantly greater than that found in the high 
riboflavin group and that the neonatal deaths 
for the low riboflavin group were also higher. 
No record of the dietary habits of the women 
was included. The diets were no doubt de- 
ficient in many nutrients. 

In the early research in nutrition there was a 
definite attempt to establish the function of a 
nutrient by feeding to experimental animals 
diets deficient in the nutrient under study and 
observing the clinical symptoms of such de- 
ficiencies. This is no doubt a necessary step 
in the developmental phase of such studies; 
but as our knowledge has increased, it has 
become clear that this is by no means a com- 
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pletely satisfactory approach. We now know 
that there exists a relationship between nutri- 
ents which makes the metabolism of one 
nutrient dependent upon that of others. 
Vitamin-enzyme relationships are being dis- 
covered as well as the effect of nutritional con- 
ditions on hormonal action.?. It seems there- 
fore wiser in human nutrition to emphasize 
the total quality and quantity of the food 
eaten rather than to stress the importance of 
one nutrient over that of another. The recent 
study of Bean and Hodges’ seems to point 
this up very well. An abnormal state was 
induced in four men by feeding them a diet 
deficient in pantothenic acid to which was 
added a pantothenic acid antagonist. Clinical 
and biochemical abnormalities were observed 
suggesting an adrenal cortical insufficiency. 
It is interesting to note that the subjects did 
not recover when pantothenic acid alone was 
restored to the diet. Rapid recovery resulted 
only after a good diet of natural foods and 
multiple vitamins were fed. 

From an examination of the preconception 
diets of these patients another observation 
can be made. The diets show that almost all, 
96 per cent, of the women were ingesting an 
amount of protein which was within 90 per 
cent or more of the recommended amount for 
non-pregnant adult women. Nevertheless 
they varied considerably as to the number of 
dietary constituents meeting the National 
Research Council’s recommendations. If the 
latter is a good reflection of total dietary ade- 
quacy, then one should not judge the nutri- 
tive value of a diet from the protein content 
alone. This is contrary to the findings of 
Jeans and coworkers” who found in their 
study of 404 pregnant women that “the rela- 
tive intake levels of each nutrient studied 
ranged in the same order as that of protein.” 
Although the adequacy of the diet does im- 
prove with the increased protein content, 
recent research indicates that balance and the 
interrelationships of nutrients are equally 
important. 

In considering the preconception dietary 
habits and the obstetric records of the 51 
women classified as having unsuccessful preg- 
nancies, it will be seen that all groups had a 
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high per cent of fetal loss. We have no way of 
knowing whether the dietary history and seven- 
day record taken at the time of enrollment in 
the clinic represented a gradual improvement 
in the food intake over the years following the 
first pregnancies. If our teaching is at all 
effective, this certainly should be true. It 
has been shown, however, that there was a 
marked difference in dietary habits of the 
women when first seen by the nutritionist. 
The highest ratio of abortions after being 
known to the clinic for an average of 43 months 
was found among those women having the 
poorest diets. In the “low” protein group 
there was one abortion for six pregnancies. 
For the “high” protein group it was found 
that in the 11 pregnancies recorded, one 
abortion occurred. In this respect our study 
is in accord with the findings of Jeans,” that is, 
that a good diet and a successful pregnancy 
tend to go hand in hand. 

There are, no doubt, many factors which 
influenced the obstetric histories of these 
women. It would seem from this limited 
study, however, that women who come for 
medical aid in a good nutritional condition 
will be more likely to respond successfully. 


SUMMARY 


A comparative study was made of the pre- 
conception dietary habits of 51 women who 
had had histories of habitual abortion, with 
those of a group of women who had successful 


pregnancies. In the groups studied the average 
dietary intake did not differ statistically, 
except in the case of thiamine. The average 
consumption of this nutrient was somewhat 
higher statistically, in the group of women 
having successful pregnancies. The average 
number of nutrients provided in adequate 
amounts in the individual diets of this group 
was also greater. 

The women with histories of habitual abor- 
tion were classified into three groups on the 
basis of their average protein consumption. 
It was found that after attending the clinic 
the ratio of abortions to the number of preg- 
nancies was lower for the group of women 
ingesting a “high” protein diet, which was also 
found to be generally excellent in other nutri- 
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ents. It appears that women in a good nutri- 
tional state are more likely to respond to the 
over all management of habitual abortion than 
the more poorly nourished. 
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Isohemagglutinins and Immunity 
in Malnutrition 


By E. KAHN, M.D., M.R.C.P.E., D.C.H.,* H. STEIN, M.B., M.R.C.P.E., D.C.H.,* 
AND A. ZOUTENDYK, M.R.C.S., L.R.C.P.T 


ITTLE is known about resistance to infection 

in cases of human malnutrition, but some, 

though not all, experiments on malnourished 

animals! have shown that there is a poor im- 
mune response to antigens. 

A large number of malnourished children, 
mostly cases of typical kwashiorkor, are seen 
in our wards, and it is our impression that they 
have a poor resistance to infections. We 
planned to test this suspected low state of 
immunity objectively, but for a variety of 
reasons we have been unable to study the 
antibody response resulting from such anti- 
genic stimuli, as diphtheria or tetanus toxoids, 
typhoid vaccine or similar antigens. The chief 
difficulty of this method lies in the follow up of a 
population group with a high mortality and 
with a marked inclination to frequent changes 
of abode. 

In considering alternative methods of assess- 
ing the efficiency of the immune mechanism, 
the estimation of total gamma globulin ap- 
peared to offer little hope of providing an 
answer to our question. Although it was at one 
time claimed that gamma globulin is reduced 
in human malnutrition,” there is now abundant 
evidence from this center* and elsewhere‘ that 
gamma globulin levels in these cases are 
usually normal or raised. Therefore, if the 
gamma globulin level of the serum were an 
indication of immune body production, the 
latter should be of the same magnitude as, or 
even greater, than in well-nourished individuals. 

On the other hand, it seemed likely that any 
severe impairment of antibody formation 
would be reflected in a reduction of that specific 


* Baragwanath Hospital, Johannesburg. 

t+ Blood Group Research and Transfusion Labora- 
tories, South African Institute for Medical Research, 
Johannesburg, South Africa. 


group of antibodies known as isohemagglu- 
tinins. This hypothesis is supported by the 
fact that in congenital agammaglobulinemia, 
where immune body production is impaired, 
there is also usually a lack of isohemagglutinins.® 

We, therefore, decided to investigate the 
isohemagglutinin titers in a series of severe 
cases of malnutrition (kwashiorkor) and com- 
pare them with those of normal controls, 
postulating that an impairment of immune 
production would be reflected in a reduction of 
isohemagglutinin titers. 


MATERIAL AND METHODS 


The investigations were carried out on 14 
African children suffering from severe mal- 
nutrition (kwashiorkor) and on 11 normal 
controls. All malnourished children were 
suffering from nutritional edema. Other signs 
characteristic of malnutrition in African chil- 
dren® such as depigmentation of the skin, 
depigmentation and atrophy of the scalp hair, 
mucosal lesions and nutritional dermatoses 
were found in varying combinations in different 
cases. The ages of the patients and the 
normal controls ranged between eight months 
and three years. 

The specimens of blood were obtained by 
venipuncture and the ABO group of each was 
ascertained on cells and serum; high titered 
Anti-A, Anti-B and Anti-AB grouping sera 
were used. All groupings and titrations were 
performed in tubes; the results were read 
macroscopically and the end points confirmed 
microscopically after one hour’s contact at 
laboratory temperature. 


RESULTS 


The isohemagglutinin titers are shown in 
Table I. It will be noted that the titers of the 
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TABLE I 
Isohemagglutinin Titers in Malnourished Children and Normal Controls 
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Case Number 


1 2 


3 4 


6 7 8 9 10 11 12 13 14 


Malnourished | Blood A B B O 
children group 
Anti-A — | 16*| 64 2 
titer 
Anti-B 


titer 


O A O | AB] A B A oO O 
— — — 8 — 8 32 


128 | 128; 32 | — | 1) — 4 8 32 


Case Number 


20 


Normal Blood B 
controls group 
Anti-A 16 | 146); — 1 612; —|]— 16 | 16) — 
titer 
Anti-B 32 8 | 32 | — | — 8 8 32; —|— 


titer 


* 16 means a titer of 1:16, etc. 


malnourished group did not differ significantly 
from those of the controls, with the exception 
of one control subject, who showed titers much 
above average. We know from our past ex- 
perience with children of similar age that the 
results of both groups are within the normal 
limits found at this laboratory. 


DISCUSSION 


These results indicate that there is no sig- 
nificant reduction of isohemagglutinin titers in 
severely malnourished children. This is in 
agreement with the work of others who have 
shown that in man malnutrition or under- 
nutrition is not associated with marked impair- 
ment of immune-body production.’ It is, 
therefore, likely that the poor resistance to 
infection shown by severely malnourished 
children may be due to causes other than 
impaired antibody production. 


SUMMARY 


Malnourished children appear to have a poor 
resistance to infection. In order to determine 
whether this is due to impaired antibody 
production, the isohemagglutinin titers of 14 


severely malnourished children were examined. 
These titers were within normal limits. This 
seems to confirm findings of other authors that 
in man, unlike laboratory animals, malnutri- 
tion does not impair immune-body production. 


ACKNOWLEDGMENT 


We wish to thank Miss Jean Mulroy for technical 
assistance. 
REFERENCES 


1. GELL, P. G. H.: Studies of Undernutrition, Wup- 
pertal 1946-9. Med. Res. Coun. Spec. Rep. Ser. 
No. 275. H. M. Stationery Office, London, 
1951, p. 193. 

2. Kress, E. G.: Depression of gamma globulin in 
hypoproteinemia due to malnutrition. J. Lab. 
and Clin. Med. 31: 85, 1956. 

3. ANDERSON, C. G., and ALtmMann, A.: The electro- 
phoretic serum-protein pattern in malignant mal- 
nutrition. Lancet 1: 203, 1951. 

4. TROWELL, H. C., Daviss, J. N. P., AND DEAN, 
R. F. A. Kwashiorkor. Edward Arnold Co., 
London, 1954, p. 166. 

5. Annotation: Agammaglobulinemia. Brit. Med. J. 
2: 32, 1955. 

6. Wiitrams, C. D.: Kwashiorkor; nutritional dis- 
ease of children associated with maize diet. 
Lancet 2: 1151, 1935. 

7. Leading Article: Diet and immunity. Lancet 1: 
933, 1953. 


| 
4 
| | | 
a 15 16 17 18 19 | 21 22 23 24 25 tee 
} 


Letters to the Editor 


A RELATION BETWEEN DIETARY PROTEIN 
AND TOTAL CALORIE INTAKE OF LARGE 
POPULATION GROUPS 


Dear Sir: 

The FAO' statistics of food consumed in 32 
nations show a striking relation between dietary 
protein and total calories (Fig. 1). Although 


the data obviously involve many approxima- 
tions, the errors of estimation and differences in 


Average Protein and Caloric _’ 
Consumption in 32 Countries , 


1955 


8 
8 
3 


Cal.=(615+ 327) +(27.5+ 1.2) Prot. 


50 80 90 100 no =: 120 
Mean per capita protein intake (gm./day) 


Fig. 1. Relation between average daily calories and 
protein in 32 countries (FAO statistics). 


kind of food available would tend to cause dis- 
persion rather than a correlation between the 
two variables. Moreover, a detailed survey 
of food consumption by different income groups 


in the United States? yields a similar regression, 


with the same coefficients over equal ranges of 
the variables (Fig. 2). In practically all 
groups, protein provided 10 to 13 per cent of 
the total calories consumed. 

These results were of particular interest to 
us because of the observation that control of 
protein intake in metabolic studies exerted an 
indirect control of the patient’s appetite for 
non-protein calories** The  self-determined 


intake of calories was found to vary with the 
prescribed intake of protein-rich foods. The 
regression coefficient in these studies had a 
lower value (14.6 + 1.2) than that shown by 
the FAO statistics (27.5 + 1.2), presumably 
because the subjects of the metabolic studies 
gained or lost tissue of low nitrogen content, 
whereas a large population group remains ap- 
proximately in a steady state during a period 
of one year. Yet, despite the differences in 


Average Protein and Caloric / 
Consumption in Different 
+ Income Groups, U.S. 


cas Dept. Agr Rep. 12) a 
Nov. 30, 1949 


Mean per capita caloric intake (cal/day) 


Cal.=(1147 t 466) + (20.14 1.7) Prot. 


1 1 1 


60 10 80 99 100 110 
Mean per capita protein intake (gm./day) 


Fig. 2. Relation between average daily calories and 
protein in different income groups of the United States 
urban population (U. S. Department of Agriculture 
statistics). The open and hatched symbols distinguish 
two separate surveys. 


factors controlling the diet, the result was the 
same: a variation of dietary protein was sys- 
tematically associated with variation in the 
amount of calories consumed. 

The correlation is not an inevitable result 
of food composition or availability. Most of 
the cheaper foods have a lower protein-to-total- 
calories ratio than the 10 to 13 per cent of the 
statistics, and a number of foods available in 
surplus in this country have a substantially 
higher ratio. If simple hunger for calories 
were independent of protein in the diet, it could 
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be satisfied with sugar costing only five cents 
per 1000 calories at present market prices, or 
margarine costing about ten cents. If the 
hunger for protein were unrelated to calories, 
the average person in this country by eating a 
pound of cottage cheese could double his 
daily intake for the price of a gallon of gasoline. 

The special value of animal proteins for 
growth has been emphasized by many studies, 
but there is no evidence that these foods excel 
as fuel for mature individuals. Indeed, the 
statistics indicate that vegetable proteins 
have equal fuel value since the caloric ex- 
penditure in marginal countries follows the 
total protein rather than the fraction derived 
from animal sources. 

No doubt the meager supply of protein limits 
growth and vigor in many regions of the world. 
Milk and other digestible sources of protein 
are urgently needed for infant feeding. 
However, the statistics, strongly indicate that 
in adults the requirements for protein and non- 


_ protein calories are interrelated. If we assume 


that every adult needs a fixed quantity of 
protein, and try to give protein-rich foods to 
an adult population without a proportionate 
increase of calories, especially fat calories, it 
is probable that we will be disappointed by 
their refusal of what we have judged to be a 
needed food. 


—VINCENT P. DOLE, M.D. 
Rockefeller Institute 
New York, N. Y. 


REFERENCES 


1. Food Balance Sheets. Second Issue, Food and A gri- 
culture Organization of the United Nations, Rome, 
1955. 

2. Nutritive Value of Diets of Urban Families United 
States, Spring 1948, and Comparison with Diets 
in 1942. U. S. Department of Agriculture, 1948 
Food Consumption Surveys, Washington, D. C. 
Preliminary Report No. 12, November 30, 1949. 

3. Do.eg, V. P., DAHL, L. K., Scowartz, I. L., Corzias, 
G. C., THAYSEN, J. H., and Harris, C.: Dietary 
treatment of hypertension. III. The effect of 
protein on appetite and weight. J. Clin. Investiga- 
tion 32: 185, 1953. 

4. Dore, V. P., ScHWARTZ, I. L., Traysen, J. H..,. 
THORN, N. A., and Sitver, L.: Treatment of 
obesity with a low protein calorically unre- 
stricted diet. Am. J. Crin. Nutrition 2: 381, 
1954. 


LETTERS TO THE EDITOR 73 


PROTEIN REQUIREMENTS FOR HEMOPOIESIS. 
Dear Sir: 


In your recent issue!’ dealing with “Nutri- 
tional Aspects of Blood Formation,’’ Professor 
Vilter said ‘‘so little is known concerning the 
protein requirements for hematopoiesis in 
human beings, that no full-dress discussion of 
the subject was considered to be profitable.” 
The writer considers that our information on 
this subject for humans is perhaps not quite 
as inadequate as Professor Vilter indicates. 

According to Whipple,” experimental studies 
on dogs indicate that hemoglobin formation 
takes precedence over the formation even of 
serum protein, that the body stores must be 
greatly depleted, and the intake of protein 
greatly deficient over a long time before delay 
in hemoglobin formation occurs. Obviously, 
Whipple had in mind changes consequent on 
severe and prolonged dietary privation, and 
not changes in blood volume, etc., arising from 
minor changes in body weight. 

The purpose of this letter is to suggest the 
following: (1) as a normal accompaniment to 
loss in weight, hemoglobin production dimin- 
ishes at an early stage of dietary restriction 
when body protein stores may be little depleted 
and when protein intake is not necessarily low; 
(2) in prolonged severe undernutrition, al- 
though circulating hemoglobin mass is greatly 
reduced, it is probable that the amount does 
not fall to that level where obvious clinical 
manifestations would be expected; (3) in severe 
undernutrition, protein requirements for hemo- 
poiesis are very small in comparison with total 
body protein mass and protein intake obtain- 
ing; and (4) in severe undernutrition, dimin- 
ished hemoglobin production is due not to 
deficiency of protein or other nutrients per se, 
but rather to the concomitant low tempo of 
metabolism prevailing. 

Amplifying these points: 

(1) Reduction in weight, whether in the 
obese or in persons of normal weight, is accom- 
panied by a diminution in the volume of total 
body fluids, including plasma. Since hemo- 


globin concentration does not rise during loss in ~ 


weight, but is maintained, at least initially, it 
follows that hemoglobin production must be 
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slowed down at an early stage when neither 
body protein stores nor protein intake are 
likely to be limiting factors. 

(2) In severe undernutrition such as that 
present in: the group of Indian prisoners 
of war studied by Walters et al.,* circulating 
hemoglobin mass fell to a mean of 345 g, 
approximately half the normal value. Hemo- 
globin concentration fell to a mean of 9.8 g per 
100 ml, the scatter of values being small. Now 
in men and women, not suffering from severe 
undernutrition, observations indicate that the 
hemoglobin concentration can fall to 6 g per 
100 ml or so, with an associated circulating 
hemoglobin mass of probably less than 270- 
300 g, before such reduction is clinically obvi- 
ous. Moreover, in the tropics and semi- 
tropics, various reports indicate that hemo- 
globin concentrations of as little as 2 g per 100 
ml with a circulating hemoglobin mass prob- 
ably less than 100 g, are not unusually rare in 
patients with severe ancylostomiasis; yet ob- 
servers have noted with surprise the occasional 
lack of obvious clinical stigmata in such suf- 
ferers. One infers, therefore, from the above, 
and from other published evidence, that in 
severe undernutrition, hemoglobin mass is 
probably maintained at a level higher than that 
associated with marked clinical stigmata. 

(3) The daily demand of new protein for 
hemopoiesis in severe undernutrition may well 
be less than is usually believed. In the study 
on the Indian prisoners already mentioned,’ 
upon admission, circulating hemoglobin aver- 
aged 345 g. Assuming a 1 per cent destruction 
daily of red cells,? then 3.45 g hemoglobin had 
to be elaborated each day. Concerning body 
weight and hence body protein mass, average 
body weight of the Indians was not reported, 
but that of the grossly undernourished adult 
male group at Belsen studied by Mollison et 
al.,° averaged 44 kg. Now, according to deter- 
minations by Mitchell et a/.,° and Widdowson 
et al.,’ the percentage of nitrogen in adult 
cadavers is approximately 2.3 per cent, and 
hence, very approximately, the proportion of 

protein matter is about 14 per cent. In severe 
é undernutrition, as for example that observed 
in the Minnesota study,* the percentage of 
“active protoplasmic mass’ per total body 
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weight is known to increase. However, using 
the lower proportion merely for purposes of 
argument, protein mass of the Indian war 
prisoners averaged about 6 kg. The protein 
intake of the latter in captivity was about 
15-20 g per diem. Hence, in the severely 
undernourished Indian subjects, calculations 
suggest that the amount of regenerated hemo- 
globin required daily was only about 1/1700th, 
in comparison to the total mass of body protein 
then prevailing, not, of course, that one con- 
siders this mass of autogenous protein even 
as largely available for metabolic needs. The 
amount, moreover, was also small, about one- 
fifth, in comparison to daily protein intake, 
although the latter was of inferior biologic 
value. Now the globin, or the amino acids 
derived from hemoglobin breakdown, are re- 
used, at least in part. It is therefore apparent 
that the daily demand of mew protein for hemo- 
poiesis under the condition described is very 
small. Certainly the demand is far less than 
in lactation, where the high quality protein 
elaborated is wholly nonreturnable, and where, 
even in severe undernutrition, the yield of milk, 
although reduced, may still be considerable.’ 
(4) In the gross undernutrition observed in 
the Indian and Belsen studies,** (a) normal 
red cells were produced, and (b) there was no 
therapeutic response of the anemia to liver or 
iron (indeed, both hepatic and splenic siderosis, 
was occasionally observed). Bearing these 
points in mind, also that the demand for new 
protein in hemopoiesis is very small, it would 
seem reasonable to consider that delay in 
hemoglobin production under these severe con- 
ditions is not due to protein deficiency or to 
other specific nutritional deficiencies per se, but 
rather to that decreased vitality of metabolism 
accompanying sustained and rigorously re- 
duced total food intake. This situation, how- 
ever, still allows hemoglobin production to be 
maintained at a level unlikely to add a serious 
quota of embarrassment to an already poor 
clinical picture. It may be noted that Whip- 
ple,? in his studies on dogs, found that hypo- 
proteinemia or anemia per se causes no damage 
to the body mechanism responsible for the pro- 
duction of plasma protein and hemoglobin; 
dogs could be kept in good health for years. 
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It might be added that under conditions of 
lesser deprivation, there is clear evidence that 
a low protein intake (and that of low biological 
value) does not prevent satisfactory production 
of hemoglobin. Thus, the hematologic picture 
of a group of malnourished Chinese blood 
donors was shown to become normal at the 
same rate as that of Caucasian donors, pro- 
vided additional iron was ingested.” Again, 
iron therapy can restore hemoglobin concen- 
trations to within normal limits in persons suf- 
fering severely from hookworm infestation, 
without the diet being improved and without the 
ancylostomes being removed.'! These ob- 
servations argue against the validity of the 
popular view that mild protein deprivation may 
be responsible for low hemoglobin concentra- 
tions occasionally observed under such cir- 
cumstances. 

The foregoing strongly supports Whipple’s 
view cited above: indeed, the writer would go 
further and hazard the opinion that in humans, 


_ death from starvation supervenes before hemo- 


globin production is critically affected. 

Now it has been demonstrated frequently 
that iron can stimulate erythrocytosis, particu- 
larly in women, with or without hypochromic 
anemia, whether pregnant or non-pregnant. 
While the anemia of severe undernvtrition is 
certainly not of the iron deficiency type, one 
wonders whether the presence of very high iron 
reserves prior to undernutrition, may perhaps 
act as a brake on the fall in hemoglobin produc- 
tion consequent to undernutrition. The South 
African Bantu lend themselves well for testing 
this speculation, the main features of their 
iron picture being as follows:!* 

The iron intake of the adult Bantu is un- 
usually high, as much as 200 mg per day: such 
iron is largely adventitious and derived from 
utensils used in food preparation; the uptake 
of the element is particularly marked with the 
traditional fermented cereal foods (pH 2-3), 
which are consumed very frequently and in 
large amounts. At necropsy, abnormal dep- 
osition of iron is apparent in the tissues of 
more than half of the adults exammed; the 
distribution differs distinctly from that ob- 
served in classic hemochromatosis and trans- 
fusional siderosis, and is such as might be 
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expected from oral iron “‘overload.’’ Values 
for serum iron and total iron binding capacity 
are frequently elevated, and occasionally are 
higher than corresponding values in the two 
diseases just mentioned. Hypochromic 
anemia is much less common than would be 
expected from the nutritional and parasitic 
conditions prevailing. To throw light on the 
above speculation, hospital records were ex- 
amined of 35 Bantu men and 21 women, 
these subjects being amongst the most severely 
undernourished and malnourished patients 
(25-40 per cent underweight) seen at Barag- 
wanath non-European Hospital (1500 beds) 
during the last five-year period. Among these 
patients ‘“‘pure’’ undernutrition was rare; three- 
quarters were suffering from pellagra. Mean 
hemoglobin values, standard deviations, and 
ranges, after correction (13.5 per cent decrease 
according to Fitzgerald’s Law) for the altitude 
of Johannesburg (5700 ft), for the 35 men 
were 13.1 + 1.2, range 7.0-15.2 g per 100 ml; 
37 per cent of the patients had values of 14.0 
g or more per 100 ml; for the 21 women, 
12.1 + 0.8, range 6.0-15.2 g. per 100 ml; 
48 per cent of the patients had values of 12.0 
g per 100 ml or more. Unfortunately, clinical 
information was inadequate; moreover, the 
hematologic, biochemical, etc. data available 
were not determined under research conditions. 
Nevertheless, it is obvious that some subjects, 
although grossly undernourished, had un- 
expectedly high hemoglobin concentrations, 
certainly higher than values reported in cor- 
responding studies undertaken elsewhere. 
What one would. have wished to have known 
concerning these people was the precise stress- 
ful load obtaining, e.g., liver disease, pellagra, 
tuberculosis, syphilis, bacterial and parasitic 
infections, and so forth, as well as values for 
serum iron, blood volume, etc. In other words, 
one considers it very desirable to know the 
maximum stressful load, including severe un- 
dernutrition, which will still permit the main- 
tenance of hemoglobin concentration within 
normal limits. The necessary investigational 
work to acquire such information has been 
planned, but it will take a considerable time 
before a satisfactory series of severely under- 
nourished subjects becomes available for study. 
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The information given in this letter (a) 
underlines the extraordinary high priority 
given by the body, even when almost in ex- 
tremis, to hemoglobin production: and (b) sug- 
gests that the amounts of the factors required 
for hemopoiesis may well be smaller than are 
usually believed, because they must have been 
contained (at least, the non-storable com- 
ponents) in sufficient amounts in the Bantu 
patients’ meager diet which had been con- 
sumed in most cases for several months previ- 
ously. 

This letter is published with the permission of the 
South African Council for Scientific and Industrial 
Research. 

—ALEXANDER R. P. WALKER, PH.D. 
Human Biochemistry Research 
Unit, South African Council for 
Scientific and Industrial Research, 
and ‘South African Institute for 
Medical Research, Johannesburg, 
South Africa 
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Diet Therapy 


~_— biologists, biochemists, nutrition- 
ists, and home economists have made 
enormous gains in understanding the physio- 
logic role of foods in both normal and unusual 
body states, their patients remain unpredict- 
able—sometimes co-operative, sometimes re- 
sistant, sometimes plain unruly. The things 
we eat are first of all necessary and influential 
in survival and well-being; they are secondar- 
ily symbols. Nevertheless, to humans the 
symbolic aspects of food are often of primary 
significance, and a given food will be refused, 
regurgitated, or traumatic if its symbolic 
significance makes it unacceptable to the eater. 
On the one hand, it can be intensely craved, 
sought, and dreamed about if its symbolic 
significance is positive. 

It is reported! that Gandhi (in whose cul- 
ture cattle are sacred) decided to eat beef, on 
the basis of a rational, intellectual conviction 
that the nutritional excellence of beef was a 
factor in the physical and energetic superiority 
of the Western World. His efforts were 
futile, however, since he became very ill on 
beef. 

Many pregnant women find it impossible to 
drink the milk they know is a source of the very 
important calcium supplies they badly need. 
Rather than tackle the symbolic significance 
represented, obstetricians prescribe calcium 
tablets. 


These two examples of rejecting rationally 
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The Meaning of Food 


By Harriett BRucE Moore* 


desired foods demonstrate an important as- 
pect of symbols: they are likely to be charged 
with emotions, and, to a considerable extent, 
not amenable—even voluntarily—to the in- 
tellectual knowledge or goals of the person con- 
cerned. 

Eating, sleeping, demonstrating love and 
affection are some of the areas of life where the 
therapist, counselor, or practitioner meets 
head-on the nonrationality and the complexity 
of symbolic elaborations on physiologic pat- 
terns. These physiologic areas are particu- 
larly prone to irrational embellishments, per- 
haps because they reach back into infancy, and 
are complexly patterned long before there is 
any autonomous intelligence or maturity with 
which to perceive the difference between the 
act itself and its accompanying feelings, social 
circumstances, contradictions, and coinciden- 
tal motives. If we comprehend some of the 
symbolic meanings of food, we can make strides 
in devising ways of influencing food habits 
toward more beneficial nutrition.* 


FOOD IS SOCIALIZED 


Food and eating, in and of themselves, are 
looked upon as symbolizing interpersonal ac- 
ceptanice, friendliness, sociability, or warmth.’ 
Throughout all societies, this symbolic under- 
tone can be perceived; from the “breaking of 
bread” or sharing salt of early Christian 
Europe, to the banquet as an occasion for ex- 
pressing honor (the testimonial dinner), un- 


*In the following pages, the researches mentioned 
are private, unpublished ones done for commercial 
sponsors. 
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usual joy (the wedding breakfast), or mutual 
bonds (the political party banquet), to the 
first marks of socialization in the infant who 
offers a friend his “sucking thumb.”” Without 
getting caught in the mazes of psychological 
details, we can understand that eating is in the 
beginning a matter of two people—the feeding 
adult and the eating new-born—and that this 
is in contrast to sleeping or defecating, which 
are isolating and commonly solitary experi- 
ences. To express rapport and communion we 
urge one another to eat, just as we seek to drive 
away the impulse to sleep at a late party. 

The association of eating and friendship is 
very deep in us. We see it dramatically and 
pathologically in psychogenic obesity, where 


the patient demonstrates repeatedly and tragi- ~ 


cally that food has become a necessary element 
in emotional feelings of well-being, comfort, or 
contentment. It is as blatant in anorexia, 
at the other extreme; here the person is at or 
near starvation out of a profoundly irrational 
predicament wherein refusing food is a con- 
comitant of basic distrust and resentment of 
those who feed him (usually the mother, of 
course). It is, however, not only the ill and 
the maladjusted who have these beliefs; one 
sees them in the forced or apologetic refusal of 
an hors-d’oeuvre by the weight-watcher, in the 
ritual of “If I’d a-knowed you were comin’, 
I’d a-baked a cake,” in overeating at chil- 
dren’s parties, picnics, and business lunch- 
eons. 

A middle-aged man was treated for a painful 
injury, in a hospital which offers wide food 
choices to its patients and takes pride in its 
menus. He repeatedly spoke of the kindly 
staff along with the excellent food, and how he 
regretted that he could not force himself to eat 
his (delicious) meals, and thereby ‘‘worried”’ 
the dietitian and nursing staff. He explained 
that his pain was too consuming of energy for 
him to respond to appetite and hunger. 

A head-hunting tribe in the Philippines 
customarily gives a banquet at which everyone, 
including the victim, has a wonderful feast and 
time. Only slowly do they move in on the vic- 
tim, as gaiety is transformed into group hys- 
teria. Their apparent duplicity stems from a 
deeper paradox; they will take the head of an 
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outsider whom they admire or love, feeling 
that preferable to letting him leave.* 

From the most mundane sources we can doc- 
ument similar ideas of the equation of feeding 
with high regard. Ina study of cake mixes, an 
interviewer came upon a rather bitterly am- 
bitious young woman, striving to gain social 
prestige through devotion to her church's 
activities. She had this to say about one obli- 
gation she had assumed: 


“For them I shop for mixes at 10 or 11 cents a box— 
the young people at those suppers don’t know the 
difference.” 


Most of us cannot quite go along—her atti- 
tude runs counter to widespread feelings that a 
food gift should have at least normal value. 
If we agree or excuse her, it’s on the basis that 
any cake is better than none, or that even so 
small an investment may be a sacrifice for her. 
In either case, her motives illustrate how pro- 
viding food typically suggests the giver is 
warm, nurturant, helpful, or kind. 

The symbolic meanings of food have clear 
implications for people who select or serve food 
to strangers. We accept food best from those 
we consider our friends or allies. We most en- 
joy eating with people who are close and emo- 
tionally desirable to us—our parents, good 
friends, children. ‘‘No one cooks like Mama,” 
they say; an unspoken parallel is that food 
tastes particularly good when also shared with 
Mama. In the greater world of experience, it 


still holds true that we are most accepting of . 


new food, new table companions, or new 
cooks when the people involved seem congenial 
and acceptable to us. Perhaps this is a reason 
why the family doctor has traditionally got 
more acceptance of prescribed food changes 
than the specialized home economist and 
dietitian; the physician has the advantage of 
an already-established friendly relation with 
his patient, whereas the nutrition specialist has 
to try to obtain the patient’s acceptance even 
while she gives the dietary advice. (Let’s be 
candid: she sometimes doesn’t.) 

In these ideas is implicit another aspect of 
the symbolism of food. To some extent, we 
distrust the food given us by outsiders, by stran- 
gers. If there is potential or real enmity, the 
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distrust rises rapidly; witness the widespread 
skepticism toward caviar, German foods, wine, 
etc. Because certain foods are closely associ- 
ated with particular kinds of people, we can 
transfer our emotional views of the people to 
their foods—and we do. Although this tend- 
ency is most sharply seen in psychiatric pa- 
tients, it can be documented in the common 
attitudes of most people. 

“T always have an upset when we eat at my mother- 


in-law’s. There’s something about the way she cooks— 
no matter what it is—that just doesn’t agree with me.”’ 


“I wouldn’t want to go to Europe, and besides, the 
food would make me sick.” 


“Aren’t you afraid to take your kids to Florida? 
They'll probably get sick from the strange food.” 


Such remarks are commonplace, and not 
only in our society. A Mexican man who 
visits the United States suffers regularly from 
gastrointestinal disorders: he can’t tolerate 
our healthful, well-balanced food habits. The 
psychologist is impressed with these com- 
plaints, as opposed to the amiability with which 
we suffer through the discomfort of overeating 
at a family dinner or festive occasion. Why 
should the pain in one situation be so distress- 
ing and in the other produce a humorous com- 
ment on how much we are enjoying ourselves? 

At the extreme of this rejection of food as- 
sociated with outsiders is the underlying or 
only hinted idea that the stranger’s food may 
be poisonous. This is indeed what we imply in 
categorical predictions that Welsh, Turkish, 
Swedish, Jewish, Southern, Indian, or whatever 
food will not be suitable; and it is the same con- 
viction which operates in the severely anorexic 
patient. Not rational, to be sure—yet it is 
apparent in consumer research that people 
choose among the available evidence to fit their 
preferences, and that the readily mouthed 


ideas of ‘‘danger’’ in the food of alien groups - 


are built mostly of phantasy, bolstered up with 
a grain of fact or an odd anecdote. 

It is not surprising then to come across situa- 
tions in which the patient not only doesn’t 
follow the prescribed diet, but privately be- 
lieves that he would harm himself if he did so. 
If the authority-figure, the specialist, who ad- 
vised him seemed alien and unconcerned with 
him as a person; if the food is one he considers 
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outlandish (in both senses of the word); if it 
tastes unpleasant to him, he can easily con- 
clude that it isn’t good for him. 


TO EAT IS HUMAN: TO FEED, MATERNAL 


This brings us to another symbolic aspect of 
food—namely, its motherliness. Feeding is 
not only kindly and warm in its emotional 
meaning to the one who accepts, but he is most 
likely to see the giver as somehow glossed with 
the meaning of ‘‘mother.’’ Consumer re- 
search and interviews ranging from the feeding 
of infants to the vagaries of dried eggs affirm 
and re-affirm the central role of the mother in 
teaching what foods, when, how much, why, 
and with what feelings one eats. Ask any 
question about any food, and a substantial 
number of answers, from son as well as daugh- 
ter, contain the phrase, ‘Well, my mother 
always...” Turning it over, we see just how 
the mother behaves in this situation. Here 
are two quotes from different homemakers: 


“And my husband loves rice pudding—without 
raisins. Ugh! It always seems to me just like eating 
cockroaches when I see raisins in a pudding... .”’ 


“We don’t like coconut cake at all. It’s so stringy, 
it feels so awful in your mouth—I can’t bear it!’’ 


Certainly, it is true that an ynusually objec- 
tive or sensible mother can learn.not to instruct 
her family in her own likes and dislikes; numer- 
ous housewives do prepare foods for their 
families which they themselves enjoy little or 
notatall. Nevertheless, the simplest tendency 
is otherwise; and it is noteworthy that the 
women quoted above were not aware that 
they were assigning dislikes or tutoring their 
families in food rejections out of their own pref- 
erences. 

In dealing with her family, the mother is not 
simply an adult carrying out the food prepara- 
tions she believes desirable. Nor can she be 
looked upon as a brain which records and trans- 
lates professional advice into appropriate die- 
tary routines. The fulfillment of her self-es- 
teem is heavily at stake in feeding her family, 
and her emotional investment may or may not 
be an asset to the professional advice. It may 
enable her to withstand her own feelings, and to 
carry out instructions in spite of misgivings; 
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or it may inwardly contradict and deny the 
validity of the advice, either in its details or at 
its source. 

This was vividly shown in studies on the 
feeding of infants. Depending upon the 
mother’s educational, social, and (sometimes) 
ethnic background, she posits quite different 
kinds of people as eligible to advise her about 
her children’s foods. The truly uneducated, 
unsophisticated woman believes her mother 
and her neighbors are the best sources of help— 
the ones who really know. As anyone who has 
worked in a public family clinic or infant station 
knows, the young mothers who come there are 
already a bit unusual—many of their friends 
would not. The modestly educated and 
knowledgeable mother is inclined to put her 
faith in advertisements and business—these 
people have to know, she says, they can’t stay 
in business if they give poor advice or don’t pre- 
pare their foods and baby supplies properly. 
It is mostly the somewhat privileged mother of 
middle-class or better background who has 
faith in what the doctor says, or what the 
“lady” at the food clinic tells her. 

These attitudes are, to be sure, only predis- 
positions to believe. In an emergency, in an 
important personal situation, these women 
may turn to more substantial and new figures of 
middle-class professional stature—much as the 


missionary doctor makes his important impact | 


under conditions of distress or disease. But 
under anything like the normal circumstances, 
the symbolic language of food is resilient 
enough to reject new meanings from new 
speakers. 


THE LANGUAGE OF FOOD 


So far, we have talked mostly of food in 
general, without regard to its specific form, 
flavor, or constitution. That is not maxi- 
mally useful; hunger teaches us to eat, ex- 
perts can only build variations or patterns with 
the basic physiological energy and purpose. 
But when it comes to what we eat—the sub- 
stance, the recipe, the preparation, the con- 
text, the menu—there is a diversity of specific 
meanings and understandings which justifies 
the simile of a language. As cooks, we can 
please, excite, shock, amuse, reassure, intimi- 
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date, or bore people; as eaters, we can cer- 
tainly express similar feelings, either momen- 
tary and mood-like or permanent and irrevo- 
cable. For the meanings of foods are coherent 
and relatively stable; they are usually under- 
stood by all parties concerned; and they are 
infinitely varied on their themes by individ- 
ual likes, preferences, experiences, and mo- 
tives. 

One clear example, which we all more or less 
rely on, are the relative meanings of meats and 
vegetables. Meats are masculine, vegetables 
are feminine. The steak is probably the most 
masculine food in our society—in some, raw 
steaks or raw meats with sauce are the ex- 
treme. In eating or serving meats, we all ac- 
cept the notions of energy, activity, and even 
aggression. In America, the relationship of 


- meat to masculinity is highlighted by our past 


and present frontiers, by hunting, the diets of 
cowboys and prospectors, and probably by the 
national wealth which enables most people to 
subscribe to this happy legend (which may, to 
be sure, be based in physiological facts). At 
bottom, we observe, are essentially ideas which 
often operate in cannibalism—by eating strong, 
active, powerful creatures, the eater partakes of 
that strength and power. In her highly 
modified way, the housewife subscribes to 
these ideas: she is most concerned with the 
meat which she serves, and it is the center 
of her meal, both menu-wise and econom- 
ically.* To have a strong and active hus- 
band, to give her children strength and power 
in their muscles and bones, she relies on meat. 
It is a testimony to the strength of this symbol- 
ism that eggs have never been able to make 
the grade—though mest housewives rationally 
know eggs are a good substitute for meat, they 
are a “‘last resort” and don’t let a cook feel 


she has “‘done right” by her family. Intellec- 


tually, she knows eggs are full of protein, like 
meat; but in the language of food, they are 
insipid and innocuous, best for invalids, break- 
fast, or as an addition to meat or other foods. 
What makes a cake rich won’t make a person 


* Meat also heavily determines her attitudes toward 
grocery stores. See Zober, M.: Some _ projective 
techniques applied to marketing research. J. Market- 
ing 20: 265, 1956. 
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strong, is a way of expressing her nonrational 
thoughts. 

The masculinity of meat perhaps becomes 
more apparent when we consider the vegetable 
side of the picture. A nonmeat salad is the 
epitome of femininity. Consider the differ- 
ence in expectations when one prepares a meal 
of steak and baked potatoes and when the 
piéce de résistance is salad. Men customarily 
complain at such a meal, feeling that they have 
been overlooked, insulted, or pulled into a hen 
affair. At best, they know they are expected 
at this meal to be refined and gentle, to watch 
their manners, and to restrain most of their 
assertive impulses and habits. This might be 
a luncheon for the minister, or a party of women 
who are tolerating husbands, or an effete affair 
demonstrating gentility to the world. The 
men probably expect to leave hungry, and to 
rush out for a hamburger or steak sandwich— 
but the women will presumably be satisfied and 
enjoy the daintiness of not feeling satiated and 


-ruminative over a distended stomach. 


With this broad classification, other differ- 
ences in symbolic language can be discerned. 
For example, muscle is considered more mascu- 
line than viscera, beef more than lamb, mam- 
mals more than domestic fowl, etc: In our 
society, there is an antipathy for the non- 
muscle or viscera of animals: sweetbreads, 
brains, liver, heart, or intestines are generally 
looked on as somehow inedible, and arouse 
faint undertones of disgust. In part, this 
seems to be the immigrant turning his back on 
the hardships of another continent, except that 
it occurs in Americans who have no ethnic past 
to run away from. Such dishes are, also, of- 
ten looked on as exotic, effete, and liked by 
people of questionable vigor and action. (It 
can be seen throughout such attitudes that the 
American notions of masculine energy and 
activity are strongly related to the habits and 
experiences of early frontiersmen.) Liver, 
perhaps because of its widely known, dramatic 
relation to red-bloodedness, is the least ‘“‘cursed,”’ 
but it too is considered something which 
women and children are more likely to benefit 
from and find likable. 

Among the fruits and vegetables, potatoes 
are (obviously to everyone) at the hearty end 
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of the masculine dimension. Frying makes 
them still more symbolic of activity, physical 
strength, and impulsiveness—as, indeed, it 
seems to heighten such meanings in most foods. 
Fruits are probably more feminine than vege- 
tables, although the overlapping is great and 
such a general statement can be misleading. 
Oranges, for example, are widely displaced by 
orange juice; oranges require more energy to 
eat than is suitable (while we happily chomp on 
fried chicken and chuckle over Henry VIII’s 
table manners). 

More individually, fruits are readily used to 
symbolize love and affection. The apple for 
the teacher, the gift basket of fruit, the eulogies 
of the grape, the ‘‘peaches and cream’ com- 
pliment, etc., show the widespread tendency to 
find in fruits symbols of beauty, sexuality, es- 
teem (the ‘‘fruits of victory,’ the golden ap- 
ples of mythology), and luxury. Fruits some- 
how express some basic accomplishing (and/or 
reproductive) notions—compare “‘fruition’’ and 
“bearing fruit” to “‘vegetate’’ and ‘‘vegeta- 
tion.”” The one set of words conveys a 
lushness, an extraordinary coming to ripeness, 
a sensuality and fecundity which are absent 
from our observations and feelings about vege- 
tables—even though they too are seasonal, 
come to ripeness, spring up in marvellous 
shapes and colors. Obviously, we say things 
with fruit which we can never communicate 
through the symbols of other foods. 

Another interesting set of dimensions in the 
language of food is that of age and maturity. 
Two examples may suffice: olives and peanut 
butter. Putting it bluntly, olives are for 
grown-ups and peanut butter is for children in 
America. We all accept the fact that children 
have to “‘learn to like olives,’’ that their flavor 
is not innately attractive to humans—in spite 
of some physiologic evidence that infants 
cannot discriminate tastes well and can there- 
fore begin life by liking almost anything. Do 
children in southern Italy have to be trained to 
like olives? Do the infants of any food-scarce 
area have to be taught to eat any food which 
their elders consider palatable and nourishing 
for them? It seems unlikely. In our society, 
for example, the psychologist often observes the 
slow and even painstaking way in which a 
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small child is taught that candy is especially 
good and should be prized above fruit, cookies, 
crackers, or other snacks. Withholding it, 
doling it out for good behavior, beaming with 
expectation of the joy about to be experienced, 
all tutor the child in the particular symbolisms 
of candy. If we as adults had the same feel- 
ings of particular lovability for olives in chil- 
dren, we would probably have few examples of 
struggling to develop a taste for them in later 
life. 

Even so, we know that olives symbolize 
sophisticated or adult taste. So does liking 
seafood in a large part of the country—and one 
way a prosperous people can increase their 
standard of living is to take on such delicacies, 
much as shrimp has become a rather common- 
place dish in the last decade. These foods 
mark maturity, experience, some element of 
sophistication and being ‘‘cultured,’’ and the 
adolescent often sets himself busily and con- 
scientiously to acquiring a liking for them. 

Running the other way on the age dimen- 
sion is peanut butter. Children Jove it, say 
grown-ups. In our research, a few children 
privately denied their mothers’ insistence 
that, ‘‘like all normal children,’”’ they would eat 
themselves sick on it if allowed to do so. Still 
more dramatically, there have been reported 
several instances of children being violently 
punished for eating too much, or for sneaking, 
peanut butter. What emotions are at play 
here! Peanut butter symbolizes childhood, 
especially in its active, impulsive, and 
somewhat rebellious aspects. It is more for 
little boys than little girls, although they often 
go along in seeking out the basically exciting 
and rather rambunctious feelings which can be 
tapped by wadding peanut butter on a cracker 
or piece of bread and mushing it around one’s 
mouth. Grown-ups, on the other hand, widely 


‘ 


[Vol. 5, No. 1 


decline to partake of so undisciplined and prim- 
itive a symbol. They find it “stickes to the 
teeth,” “is bad for the skin,”’ “‘is too fattening,”’ 
etc. They often express some disgust in an 
“Ugh!” followed by, “‘and when I was a kid I 
ate it by the pound, literally!” 


SUMMARY AMD COMMENT 


In these examples I have tried to suggest 
some of the nonrational expressions and mean- 
ings which are accepted parts of food and eat- 
ing. While I have touched on only a few 
examples, the findings of psychological re- 
search are that every food is invested with 
meaning—sometimes undramatically, some- 
times so importantly that its very mention 
sufficies to define the occasion (e.g., cham- 
pagne). Our food preferences and reactions 
say many things about ourselves, either as we 
choose food to eat ourselves or offer it to others. 
These meanings are rarely esoteric—they are 
part of our cultural heritage, which most com- 
monly the professional nutritionist and home 
economist shares with his or her clients. Nev- 
ertheless, the differences are sufficiently im- 
portant—and their consequences—that it helps 
to understand, either by introspection or ques- 
tioning, what the patient’s emotional reaction 
will be to new foods or to dietary modifica- 
tions. Serving nonrational motives simul- 
taneously with rational needs is a way of speed- 
ing up and increasing dietary recommenda- 
tions, whatever their nature. 
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Reviews of Recent Books 


Physiology and Pathology of Infant Nutrition (second 
edition), by L. F. Meyer and Erich Nassau. Charles 
C. Thomas, Springfield, Ill., 1955, pp. 533, $11.50. 


The authors of this book are presently in Israel. 
Dr. Meyer is Professor of Pediatrics and Director 
Emeritus of the Children’s- Department of Municipal 
Hospital ‘“‘Hadassah,”’ Tel Aviv. Dr. Nassau is Chief, 
Children’s Department Central Hospital of the Workers 
Sick Fund, Afulah, Israel. Translation from the 
original German has been done by Kurt and Susanne 
Glaser of Chicago. 

Part One—Physiology of Infant Nutrition—has 
chapters on growth and development, physiology of 
nutrition, and on infant feeding. Material presented 
in this portion of the book is for the most part basic 
knowledge, differing but little from standard texts with 
which physicians in this country are familiar. Recom- 
mended mixtures for artificial feeding may, however, 
seem somewhat strange. For instance, the authors 
state that, ‘‘The liquid used for diluting the milk is, 
after the 12th to 14th day of life, today no longer pure 
water.’’ Instead strained cereal water or flour cooked 
in water is preferred. The basic mixture recommended 
for healthy infants for the first three months of life 
is, ““'/, milk, diluted with 2 to 3% cereal water and 
5% sugar and 1% fat.” Czerny-Kleinschmidt’s 
butter-flour mixture is considered a complete food for 
young infants, and frequent references are made to the 
usefulness of buttermilk and protein milk with carbo- 
hydrate additions. Whatever the feeding recom- 
mended, however, the authors are at pains to account 
for its nutritional correctness in terms of total calories, 
percentage composition, and essential supplements. 

Part Two—Pathology of Infant Nutrition—con- 
siders the nutritional disturbances resulting from quan- 
titative and qualitative deficiencies, diarrheas, and 
from infections both enteral and parenteral. Here 
the reader will be impressed by the unusual vividness 
of the clinical descriptions of disturbed nutritional 
states resulting from diarrhea. Only rarely are the 
severest forms described by the authors seen in this 
country today. Descriptive terms employed may be 
somewhat unfamiliar to our recent medical graduates, 
but those of a previous generation will readily recognize 
their European origin. Among them are such terms as 
dyspepsia, dystrophy, dysergia (lack of resistance 
against infections), toxicosis, alimentary intoxication, 
toxic gastroenteritis—the last three being synonyms. 

The reader will be interested in the numerous ther- 
apeutic recommendations made for the management of 


the diarrheal disturbances in their various stages. 
Parenteral fluid therapy is accorded proper considera- 
tion, but not to the extent that it would probably 
receive in a similar treatise written by American 
authors. 

As the authors state, this book is intended for the 


medical student and the practicing physician. 
groups should find it interesting and informing. 
LEE ForreEsT HILL 


Both 


Medical Research: A Midcentury Survey. Vol. 1, 
American Medical Research: in principle and prac- 
tice. Vol. 2, Unsolved Clinical Problems: in biologi- 
cal perspective. Published for the American Founda- 
tion by Little, Brown & Co., Boston, 1955, pp. 1505, 
$15.00. 

Here is one of the most important books in medicine 
in many years. Culminating a 15-year study by the 
American Foundation, this two-volume report brings 
the whole complicated picture of medical research in 
this country into the clear and open light. By present- 
ing a strong case for the basic study of fundamental 
substances and mechanisms—which are part of all 
living things—it makes every medical and biological 
scientist see his work in proper perspective. This is no 
mean achievement. 

The introductory chapter indicates the wide area 
from which source material was obtained and the aim 
and methods that have guided this study. Throughout 
the book medical research is considered in the perspec- 
tive of biology, chemistry, physics, and mathematics. 
A strong blow is struck against the traditional dis- 
tinctions between “‘basic’’ and “clinical’’ research. 
Furthermore, the whole important topic of planning 
and organizing research and the factors affecting them 
is lucidly presented. 

Specific examples illustrated are the functioning of 
research institutes in university departments, medi- 
cal schools, foundations, independent organizations, 
government, industry, and group clinics. Thus, for 
example, the influence of “service load’’ and ‘“‘full- 
time’’ on research in medical schools are but two topics 
which are clearly discussed. Financing of the vast 
research world, and a survey of the scientific literature, 
of governmental control over commercial products, and 
of the standardizing influence of professional groups are 
also presented in the first volume. An amazing 
amount of information is to be found in this book. 

The second volume deals with unsolved clinical 
problems ‘‘in biological perspective.’’ The chapter 


& 
> 
n 
S. 
¢ 


84 THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


headings include current metabolic concepts, cancer, 
infertility, arteriosclerosis, hypertension, rheumatic 
syndromes, tuberculosis, virus diseases, alcoholism, and 
schizophrenia. Yet, so comprehensive is the view of 
each of these fields that almost the whole of present 
research in the life sciences is covered. (The sections 
on diabetes, cholesterol metabolism in arteriosclerosis, 
and alcoholism will be of special interest to readers 
of this journal. ) 

The discussions, in a sense, are a sweeping synthesis 
and review of current trends in research as pinpointed 
by specific developments and documented by selected 
articles in the literature. Although a 39-page list of 
“major sources” listed alphabetically is presented, the 
only fault this reviewer can find with the book is the 
absence of an index. 

The style is remarkably clear considering the com- 
plexity of some topics. Unlike a multiple-authored 
work, there is a pleasant uniformity of approach and 
literary flavor. 

Let it be said at once that there has long been a 
great need for such an impartial survey. The field 
of medical research is of course the heart of medical 
progress and that this is really its first comprehensive 
review and interpretation indicates a true coming of 
age of medical research. 

This work deserves the widest dissemination, both 
to those who direct medical projects and to those who 
in any way participate in the march of medicine. 

$.0.W. 


Landmarks in the History of Hygiene, by Henry E. 
Sigerist, M.D., Oxford University Press, New York, 
1956, pp. 76, $3.00. 


The author of these five short essays needs no intro- 
duction. As the former Director of the Institute of the 
History of Medicine at Johns Hopkins, Dr. Sigerist set 
a standard for scholarship and breadth of vision that 
was acknowledged all over the world. This little book 
comprises the Heath Clark Lectures delivered at the 
London School of Hygiene and Tropical Medicine in 
1952. 

In the first chapter Sigerist discusses Galen’s Hygiene 
in an entertaining and charming style. Some of Galen’s 
writings on nutrition and dietetics apparently con- 
tained very sound advice. A discussion of the impor- 
tant medieval book, Regimen Sanitatis Salernitanum, 
leads to a presentation of the famous medical school at 
Salerno. All medical bibliophiles will find much of 
interest in this essay. 

The third chapter deals with the quest for long life 
during the Renaissance. Luigi Cornaro, who lived to 
be 98, recommended nutritional moderation, specifically, 
bread, a broth with egg and meat, plus of course, light 
wine. 
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A pioneer of social medicine and public health, Johann 
Peter Frank, is the subject of the next lecture. This 
little-known physician, who died in 1821, led an as- 
tonishing career, and much of the remarkable progress 
of the nineteenth century in preventive medicine and 
public health must have been due, directly or indirectly, 
to his efforts. 

The final chapter, on the changing pattern of medi- 
cal care, allows the medical historian to bring the light 
of the past to shine on the problems of the present. 
The result is a plan for the future. The broad humani- 
tarian outlook, on which Dr. Sigerist expounded many 
times, is again lucidly presented. In short, one can 
recommend this book to all readers who appreciate that 
we learn from the past. S. O. W. 


Books received for review by THE AMERICAN JouR- 
NAL OF CLINICAL NUTRITION are acknowledged in this 
column. As far as practicable those of special interest 
are selected, as space permits, for a more extensive 
review. 


Experimental Tuberculosis (Ciba Foundation), Little, 
Brown & Co., Boston, 1956, pp. 396, $9.00 

Body Measurements and Human Nutrition, edited by 
Joseph Brozek, Wayne State University Press, 
Detroit, 1956, pp. 176, $3.50. 

Paper Electrophoresis edited by G. E. W. Wolstenholme 
and E. C. P. Millar, (Ciba Foundation), Little, 
Brown & Co., Boston, 1956, pp. 224, $6.75. 

Bone, Structure and Metabolism, G. E. Wolstenholme 
and C. M. O'Connor (eds.) (Ciba Foundation), 
Little, Brown & Co., Boston, pp. 299, $8.00. 

Tables of the Amino Acids in Foods and Feeding Stuffs, 
compiled by Dr. Harvey, Commonwealth Bureau of 
Animal Nutrition, Scotland, Tec. Comm. #19, 1956, 
pp. 52, 15 shillings. 

Vitamins and Hormones, Vol. XIV, by R. S. Harris, 
G. F. Marrian and K. V. Thimann, Academic 
Press, New York, 1956, pp. 486, $10. 

Amino Acid Handbook by Richard J. Block, Charles 
C Thomas, Springfield, Illinois, 1956, pp. 385, 
$10.50. 

Breads, White and Brown by R. A. McCance and E. 
M. Widdowson, J. B. Lippincott, Philadelphia, 
1956, pp. 174, $5.00. 

ABC fur Ziickerkranke by F. Bertram, Geo. Thieme 
Verlag, Stuttgart, pp. 84, $1.00. 

Die Leberkrankheiten by K. Beckmann, Geo. Thieme 
Verlag, Stuttgart, pp, 253, $8.60. 

Biochemical Individuality, Roger J. Williams, John 
Wiley & Sons, Inc., New York, pp. 214, $5.75. 
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CHOLESTEROL BIOGENESIS AND 
METABOLISM 


The formation of cholesterol within the liver from ace- 
tate has been carefully studied indicating that all 27 
carbon atoms of the sterol may be derived from this pre- 
cursor. The progressive chaining of these molecules leads 
to the formation of a polyterpene series which then under- 
goes cyclization. Of the total cholesterol pool approxi- 
mately 80 per cent may arise from endogenous sources 
which is undistinguishable from that derived from dietary 
sources. Excretion of cholesterol involves conversion to 
bile salts principally, as well as oxidation to dihydro- 
cholesterol in fecal elimination. 


Isotopic Studies of Plasma Cholesterol of Endoge- 
nous and Exogenous Origins. L. Hellman, R. S. 
Rosenfeld, M. L. Eidinoff, D. K. Fukushima, T. F. 
Gallagher, C-I. Wang, and D. Adlersberg. J. Clin. 
Investigation 34: 48, 1955. 

Cholesterol labeled with either isotopic carbon or 
hydrogen was administered orally to human subjects 
and the incorporation into plasma cholesterol was ob- 
served. By use of labeled acetate and cholesterol it 
was possible to study both exogenous and endogenous 
cholesterol metabolism. 

Traces of oral labeled cholesterol were detected in the 
plasma within one hour, but maximum radioactivity 
Was not attained until two or three days. On the other 
hand the peak of specific activity of plasma cholesterol 
formed in vivo from labeled acetate was eight hours. 

Aside from the early differences in the appearance 
times, the data suggest that cholesterol derived from 
the diet is eventually indistinguishably mixed with 
cholesterol synthesized in the body.—S. O. WaIFE 
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Studies on the Biosynthesis of Cholesterol. VIII. 
Tissue Distribution of Cholesterol and Presence of 
Precursors in Intact Animals. E. Schwenk, G. J. 
Alexander, and C. A. Fish. Arch. Biochem. & Biophys. 
58: 37, 1955. 

The symbol HCC (higher-counting companions) des- 
ignates substances of higher specific activity than simul- 
taneously biosynthesized cholesterol-C!* found in the 
non-saponifiable lipids in biosynthetic experiments. 
Previous papers in this series reported: (1) that HCC 
as well as cholesterol-C' are found in the non-saponi- 
fiable lipids of pig livers perfused with acetate-1-C'4; 
(2) that digitonin precipitates part of these HCC along 
with cholesterol; (3) that fractions of these non- 
saponifiable lipids were partially converted, after feed- 
ing to rats, into cholesterol-C™, and therefore, include 
precursors in the biosynthesis of this compound. In 
rats, injected intraperitoneally with acetate-1-C', 
HCC could only be found in the digitonin-cholesterol 
when the animals were killed within an hour after in- 
jection, but not four hours later. In these studies, 
the rats were worked up as a whole and the isolated 
cholesterol was a mixture from all the tissues in the 
body of the animal. The present paper was designed 
to study the cholesterol and HCC distribution among 
different tissues and in various species and to ascertain 
whether HCC from intact animals contains precursors 
of cholesterol. 

In rats and guinea pigs, the main part of the biosyn- 
thesis of cholesterol-C'* occurs in the liver and gastro- 
intestinal tract in the first 30-60 minutes after injection. 
In rats, the combined counts of these 2 organs, 30 min- 
utes after injection, accounted for over 80 per cent of the 
total C-'4 injected, and 240 minutes after injection they 
accounted for 60 per cent of the total. The skin con- 
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tains another 10-14 per cent and the contribution of 
other tissues is very small. The adrenal of the rat 
contains no cholesterol-C!* even after 240 minutes, al- 
though some HCC are found in this organ after 30 
minutes. All other rat tissues examined (lung, blood, 
spleen, kidney, liver, gastrointestinal tract, and carcass, 
the remaining tissue) contain cholesterol-C4 within 240 
minutes. Liver cholesterol contains HCC 3 minutes 
after injection, but this was not detectable 7 minutes 
later. 

In the guinea pig, the specific counts reached in all 
tissues are considerably lower than in the rat. HCC are 
present in the liver throughout the experiment. In fish, 
trout, and dogfish, the livers incorporated more C" in 
cholesterol-C™ than the gastrointestinal tract or car- 
cass, but specific counts in all fractions were very 
low. HCC was present in all tissues. 

The digitonin-nonprecipitable HCC from rats and 
guinea pigs when fed to rats, generated cholesterol-C™. 
A hydrocarbon was obtained from the pentane fraction 
which, after feeding to rats, was converted in good yield 
to cholesterol-C'*. It could not be completely identi- 
fied as squalene-C''. Thus, it must be considered 
possible that other radioactive compounds as well as 
squalene are present.—M. K. Horwitt 


Cholesterol Metabolism in Man. M. D. Siperstein 
and A. W. Murray. J. Clin. Investigation 34: 1449, 
1955. 

The quantitative significance of the various routes of 
cholesterol excretion and the major end-products of 
cholesterol metabolism in man were studied in a 54- 
year-old man with complete external biliary drainage 
following cholecystectomy. Cholesterol-4-C'* was in- 
jected intravenously. About 40 per cent was elimi- 
nated by all routes in a 50-hour period. Over 98 per 
cent of the excreted cholesterol appeared in the bile, 
only 1.3 per cent in the acholic feces and 9.2 per cent in 
urine. No labeled carbon was found in expired air. 
At least 87 per cent of the total cholesterol had been 
converted to bile acids before excretion. 

It appears that in man the conversion of cholesterol 
to bile acids is the major pathway of cholesterol metab- 
olism. Glycocholic acid is the chief excretory product. 
—S. O. WaAIFE 


Removal of Excess Cholesterol and Cholate by the 


Isolated Rat Liver from its Perfusate. M. Friedman, 
R. Bine, Jr., and T. Ishida. Am. J. Physiol. 184: 412, 
1956. 

Perfusion of the isolated perfused rat liver with a 
perfusate containing hypercholesteremic and hyper- 
cholatemic blood results in the removal of some of the 
cholesterol and almost all of the excess cholate. The 
withdrawn cholesterol is deposited almost completely 
in the liver, whereas the withdrawn cholate is excreted 
promptly in the bile. It is concluded that the isolated 
liver behaves qualitatively similar to the liver of the 
intact rat in respect to cholesterol and cholate metab- 
olism.—AUTHORS 
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The synthesis of cholesterol is reduced in myxedema; 
however, the rates of excretion and turnover are reduced 
leading to the hypercholesterolemia commonly observed 
in this disease. The increased rate of synthesis observed 
im cancer suggests an adaptive mechanism responsive to 
the available acetate in which lipogenesis, another dis- 
posal route for acetate, is blocked. 


Studies of Cholesterol Synthesis in Man Using 
Carbon" Labeled Acetate. C. V. LeRoy. Ann. Int. 
Med. 44: 524, 1956. 

This article reviews in general terms the author’s 
technic for studying cholesterol synthesis in human 
beings utilizing C'*-labeled acetate. From his studies 
it would appear that there is a very rapid interchange 
between the free cholesterol of the liver and that of the 
plasma, so that the liver-plasma cholesterol can be 
considered as one large, rapidly exchanging compart- 
ment. The latter contains 20 to 30 g of cholesterol, 
with an average turnover time of 8 to 12 days. There- 
fore, 2 to 3 g per day are utilized to form bile acids, 
steroids, etc., of which approximately 2 g come from 
the liver and the remainder from the diet. 

It is interesting that the author found that the rate of 
synthesis of cholesterol was decreased in patients with 
myxedema and markedly increased in the patients 
treated with cortisone and in patients afflicted with 
cancer. The cause of the findings in the latter groups 
is unknown but is under investigation at the present 
time. 

The technics utilized by the author will be very 
valuable in further studies of cholesterol metabolism, 
a subject that is so pertinent and popular at the present 
time.—J. F. MUELLER 


Tri-iodothyroacetic acid has been identified in tissues 
following thyroxine administration and is currently 
being considered to be the physiologically active hormone 
derivative. It is of interest that, while less effective in 
cellular metabolism than other factors, this substance 
lowered the blood cholesterol. 


Effect of Triiodothyroacetic Acid on Blood Cholesterol 
Levels. W.R. Trotter. Lancet 1: 885, 1956. 

Tri-iodothyroacetic acid (abbreviated to triac) is the 
acetic acid analogue of tri-iodothyronine. It is possible 
that triac is formed normally in the body and may be 
“‘an essential step in the process by which the thyroid 
hormones exert their action on the tissues.” 

Triac was given to 3 myxedematous and 18 euthyroid 
patients. It was shown to be considerably less potent 
than either thyroxine or tri-iodothyronine in raising 
the B.M.R. and lowering blood cholesterol, but in 3 
euthyroid patients with coronary disease it appeared 
possible to lower the blood cholesterol without affecting 
the B.M.R. The author is unwilling to claim, on the 
basis of these few cases, that triac has any selective 
action on blood cholesterol, compared to other thyroid 
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hormones, but clearly a substance which might have 
this action requires a more extensive trial. 
—F. E. Hy1TEn 


The Physiological Activity of Tetraiodothyroacetic 
Acid. A.W.G.Goolden. Lancet 1: 890, 1956. 

Tetra-iodothyroacetic acid (tetrac) is the acetic acid 
analogue of thyroxine. Its use is reported in a case of 
myxedema and in a euthyroid patient. 

In myxedema there was a clinical remission, with 
B.M.R. and plasma cholesterol returning to normal ona 
dose of 8 mg daily. Tetrac was estimated to have about 
one thirtieth the potency of L-thyroxine, but it appeared 
to have a very short latent period of action, suggesting a 
rapid rate of degradation. 

The euthyroid patient was given tetrac in about the 
same dosage as the patient. A significant fall of plasma 
cholesterol took place on a dosage less than that re- 
quired for replacement therapy.—F. E. HytrEn 


Variations in the levels of dietary cholesterol alone 
apparently have little influence upon the concentration of 
cholesterol in serum. This is probably due to the absorp- 
tion mechanism involved in the transmucosal movement 
of the ingested sterol. This mechanism requires the 


_ presence of fatty acids to promote cholesterol absorption. 


Elimination of animal fats from the diet has been as- 
sociated with a decrease in cholesterol. The feeding of 
corn oil results in a further significant lowering of choles- 
terol. 


Diet and Serum Cholesterolin Man. Lack of Effect 
of Dietary Cholesterol. A. Keys, J. T. Anderson, O. 
Mickelsen, S. F. Adelson, and F. Fidanza. J. Nutrition 
59: 39, 1956. 

It is now generally accepted that the diet of man has 
a tremendous effect on the concentration of cholesterol 
and related substances in his blood, but this fact only 
emphasizes the important question of the role of the 
several dietary elements in this effect. The first item 
for consideration, obviously, is the cholesterol in the 
diet. 

Two cross-sectional surveys in Minnesota on young 
men, and four on older men, showed no relationship 
between dietary cholesterol and the total serum choles- 
terol concentration over most of the ordinary intake 
range characteristic of American diets. Twosurveyson 
the island of Sardinia failed to show any difference in 
the serum cholesterol concentrations of men of the 
same age, physical activity, relative body weight, and 
general dietary pattern but differing markedly in choles- 
terolintake. 

Careful study during four years of 33 men whose diets 
were consistently very low in cholesterol showed that 
their serum values did not differ from 35 men of the 
same age and economic status whose diets were very 
high in cholesterol. Comparisons made of 23 men be- 
fore and after they had voluntarily doubled their 
cholesterol intakes and of 41 men who halved theirs 
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failed to show any response in the serum cholesterol 
level in 4 to 12 months while the rest of the diet was 
more or less constant. 

A detailed study of the complete dietary intakes of 
119 Minnesota businessmen failed to show any signifi- 
cant increase of serum cholesterol with increasing 
dietary cholesterol intake. In four controlled experi- 
ments on men, the addition to, or removal from, the 
diet of 500 to 600 mg of cholesterol daily had no effect 
on the serum cholesterol fall produced by a rice-fruit 
diet, nor on the rise which occurred in changing from a 
rice-fruit diet to an ordinary American diet. In a 
completely controlled experiment on five physically 
healthy men, the change from a rice-fruit diet containing 
500 mg of cholesterol daily to the same diet devoid of 
cholesterol had no effect on the serum level. 

In a similar experiment with 13 men receiving 66 g of 
fat daily, there was no significant effect in changing 
from a cholesterol intake of 374 mg/day to one of 
1369 mg/day. In another 12 men, the reverse change 
was likewise without effect on the blood serum. 

It is concluded that in adult men the serum choles- 
terol level is essentially independent of the cholesterol 
intake over the whole range of natural human diets. It 
is probable that infants, children, and women are simi- 
lar.—B. SuRE 


Dietary Factors Affecting the Level of Plasma 
Cholesterol in Humans: The Role of Fat. J. M. R. 
Beveridge, W. F. Connell, and G. A. Mayer. Canad. 
J. Biochem. & Physiol. 34: 441, 1956. 

This paper describes the effects of diets containing 
various types of dietary fats on the plasma cholesterc’ 
levels in humans. Three experiments were performed. 
In all the diets used, protein supplied 16.9 per cent of 
the total calories. 

In the first experiment 36 male medical students were 
fed for eight days a diet in which 58.8 per cent of the 
calories were provided as corn oil. During this initial 
period there was a marked statistically significant de- 
crease (32 per cent) in plasma cholesterol level. The 
group was then subdivided into five comparable groups 
on the basis of plasma cholesterol determinations and 
fed diets containing equicaloric amounts of butterfat, 
lard, beef dripping, or chicken fat. One group, serving 
as a control group, was maintained on the original diet. 
The group which continued on the corn oil diet dis- 
played a further but statistically insignificant decrease 
in plasma cholesterol level. In the other groups there 
was an increase in plasma cholesterol levels which was 
most marked in the group receiving the diet containing 
butterfat. 

To see if the decrease in plasma cholesterol level ob- 
tained on the corn oil diet was due to the elimination of 
animal fat from the diet or whether it was due to the 
presence of some factor in the corn oil which lowered 
the plasma cholesterol level, a second experiment was 
done. 

Forty-nine subjects ate a ‘fat-free’ diet for eight 
days. The cholesterol level decreased to 22 per cent of 
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the original level. This group was then divided into 
five groups. One group that continued eating the fat- 
free diet for a further eight days showed no appreciable 
change in plasma cholesterol level. The other four 
groups were transferred to diets containing buttermilk 
or corn oil which provided 20 and 60 per cent of the 
total calories. The two groups eating the corn oil diet 
showed further decreases in plasma cholesterol levels, 
while the groups eating the butterfat diet showed in- 
creases in plasma cholesterol. These results indicated 
that the corn oil contains a potent plasma cholesterol- 
depressing factor. This factor may be plant sterols 
present in corn oil. 

In the third experiment 36 subjects ingested for eight 
days a diet in which butterfat provided 60 per cent of 
the calories. During this period there was no signifi- 
cant change in plasma cholesterol levels. The group 
was then divided into five groups. One continued on 
the initial butterfat diet and the other four were placed 
on diets in which the percentage of calories provided 
by the butterfat and corn oil were respectively 45:15; 
30:30; 15:45; and 0:60. As the proportion of corn 
oil increased, the plasma cholesterol levels decreased. 

From these three experiments the following conclu- 
sions were drawn: (1) corn oil contains a factor that 
leads to a depression of plasma levels; (2) all fats of 
animal origin tested, beef drippings, chicken fat, lard 
and butter, contain a factor that causes an increase in 
plasma cholesterol levels —M. W. BATES 


The Relation of Serum Cholesterol to the Physical 
Measurements and Diet of Women. L. C. Butler, 
M. T. Childs, and A. J. Forsythe. J. Nutrition 59: 
469, 1956. 

A higher incidence of coronary disease and hyper- 
tension is observed in the obese. Although it is by no 
means certain that small differences in the blood choles- 
terol levels in man influence atherogenesis, hypercholes- 
terolemia appears to be associated with obesity and 
cardiovascular atherosclerosis. Because most of these 
observations have been based upon studies of men, an 
investigation of the serum cholesterol of women in rela- 
tion to the diet and physical measurements was con- 
sidered worth while. 

The purpose of this inquiry was to study the relation- 
ship of varying levels of dietary fat, protein and energy 
intakes to the serum cholesterol as well as to study its 
association with the diastolic blood pressure, age and 
body weight. 

A mean total serum cholesterol concentration of 249 
mg/100 ml was observed for 113 women from 26 to 92 
years of age. The average cholesterol content of the 
serum increased gradually from 207 mg to a maximum 
of 293 mg/100 ml at a mean age of 27.3 and 54.2 years, 
respectively. This maximum value was maintained dur- 
ing the sixth and seventh decades of life. Thereafter, the 
concentration of cholesterol declined to 239 mg/100 ml 
at 77.6 years of age. The ratio of the free to total cho- 
lesterol was constant for all age groups. 
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Significant positive correlations for age and relative 
body weight, but a negligible correlation for the diastolic 
blood pressure with the total serum cholesterol, was 
found. The percentage of dietary fat and protein calor- 
ies as well as the total energy intake did not show a 
significant relationship with the variation in total blood 
cholesterol.—B. SurRE 


Inhibition of cholesterol absorption by ferric salts has 
been reported. This may represent the mode of action of 
the lipotropic agent employed in the following report. 


Preliminary Evaluation of a Non-dietary Regimen 
for Reducing Cholesterol Levels in the Aged. N. 
Blumberg, M. W. Fischbach, and L. Zisserman. 
J. Am. Geriatrics Soc. 4: 276, 1956. 

The authors point out that the value of lipotropic 
substances in geriatric medicine is still controversial. 
This study does not settle the controversy as it is not a 
controlled study. They have introduced another ve- 
hicle for lipotropic agents which has the advantage of 
being palatable, so that the patient will be willing to 
take the medication. 

A serum cholesterol level was determined at the start 
of the study and three months after starting therapy. 
Previous studies by several authors have shown that 
the cholesterol level may vary from day to day, so that 
one determination is not adequate for a baseline. The 
dietary intake of the patients was not controlled. 

A change in dietary intake will quite definitely change 
the cholesterol level. The hemoglobin level was also 
recorded and the change was not considered significant 
while under therapy. The lipotropic mixture contained 
an iron salt which complicates the picture unless a con- 
trol mixture without added iron is also used. 

The one part of the study which was partially con- 
trolled was a five-month study on five patients. After 
three months on the lipotropic mixture, a placebo was 
substituted for one month and the lipotropic agent was 
given for one more month. Four of the five patients 
returned to baseline levels or above during the time they 
were receiving the placebo. This type of study with 
the diet controlled plus multiple serial determinations 
of serum cholesterol would give more reliable informa- 
tion as to the value of the lipotropic agents in lowering 
serum cholesterol. 

This should be considered as a pilot study because it 
does not completely answer the question of the value of 
lipotropic agents in reducing serum cholesterol.— 
K. R. CRISPELL 


VITAMIN C: NUTRITIONAL ASPECTS 


The intake of vitamin C necessary to maintain tissue 
and plasma levels of 0.8 to 1 mg per 100 ml has been found 
to range from 75 to 100 mg daily. However, there is 
ample evidence to indicate that tissue depletion can be 
prevented at an intake of approximately 50 per cent of 
that recommended. The higher levels of intake are re- 
garded as optimal in avoiding depletion during periods of 
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stress such as infection, surgery, burns, cold exposure and 
other disease status. The relationship between dietary 
sources of Vitamin C and serum levels in children is 
examined in the following papers. 


Serum Vitamin C of Iowa School Children and Its 
Relationship to Diet and Age. C. Roderuck, C. Pudel- 
kewicz, E. H. Jebe and E. S. Eppright. J. Nutrition 
59: 309, 1956. 

Information about the nutritional status of Iowa 
school children with respect to vitamin C has been ob- 
tained by a survey carried out from 1949 to 1951. 
Data useful in defining the nutritional status with re- 
spect to vitamin C have been obtained from about 650 
boys and girls in Iowa towns and cities. Decreasing 
concentrations of vitamin C in the serum (except girls 
over 14 years of age) and decreasing intakes of vitamin 
C per kilogram of body weight were associated with in- 
creasing age. From 15 years of age, the concentration 
of vitamin C in the blood serum of girls increased al- 
though there was no comparable change in intake. 
More children over 12 years of age than under were 
classified as poor or fair according to the categories 
suggested by Bessey and Lowry. 

The calculated intake of vitamin C from vitamin C- 


_ tich foods only was as good as the total vitamin C intake 


in predicting serum concentrations of this nutrient; 
the intake per kilogram of body weight was a some- 
what better predictor of serum concentrations than was 
the total intake per day. None of these measures of 
intake, however, was a precise predictor of the vitamin 
C concentration in the serum. Mean intakes of vita- 
min C similar to the N.R.C. Recommended Allowances 
were associated with mean serum concentrations 
lower than 0.8 mg/100 ml in children beyond 11 or 12 
years of age.—B. SuRE 


A Long Term Study on Ascorbic Acid Supplementa- 
tion. G. F. Ogilvie and L. B. Pett. Canad. Serv. M. J. 
10: 191,1954. 

A group of 165 children living in a residential school 
was observed for four years. The initial food record 
showed a daily intake of about 50 mg ascorbic acid per 
person. A high incidence of poor oral hygiene was 
noted. Half of the group of 89 that were followed for 
the full four-year period was given 100 mg ascorbic acid 
tablets daily ; the remainder received placebos. Annual 
physical, dental, and biochemical examinations were 
made. 

Gingivitis developed just as frequently in the supple- 
mented group as in the control subjects. Red and 
swollen gums, characteristic of gingivitis but not of 
scurvy, developed in about 20 per cent of children in 
both groups. No significant differences were noted in 
hemoglobin levels. 

There are many questions one could ask about this 
study which are not answered in this brief report. It 
would seem, however, that the basal intake of approxi- 
mately 50 mg ascorbic acid daily was ‘“‘adequate’’ and 
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hence little was gained by additional supplementation. 
—S. O. WAIFE 


The rate of ketone body formation is reduced during 
administration of glucocorticoid hormones as is evidenced 
by the rarity of ketonemia in steroid diabetes. This 
may be related to a relative reduction in tissue ascorbic 
acid during steroid therapy since the production of ketone 
bodies has been found to be reduced in ascorbic acid de- 
ficiency. 


Ketone Body Metabolism in Ascorbic Acid De- 
ficiency. A.F. Debons, J. W. Wallace, and H. Bacchus. 
Am. J. Physiol. 184: 31, 1956. 

The in vitro formation of ketone bodies by liver tissues 
of ascorbic acid-deficient, and control (pair-fed) guinea 
pigs was studied. The data revealed that the sponta- 
neous production of ketone bodies by the liver of the 
ascorbic acid-deficient guinea pig is less than that of the 
control animal. The capacity of the liver of the de- 
ficient guinea pig to form ketone bodies from octanoate 
exceeds that of control animals. The total fat content 
and the liver weight are not significantly altered in as- 
corbic acid deficiency. The data suggest that the 
diminished spontaneous production of ketone bodies 
by the ascorbic acid-deficient liver, in spite of its nor- 
mal content of fat, might be secondary to a diminished 
fatty acid formation from endogenous fat. In the pres- 
ence of fatty acid substrate the formation of ketone 
bodies by the ascorbic acid-deficient liver is not ap- 
preciably disturbed.—AuTHoRS 


While human milk cannot be regarded as a good source 
of vitamin C, the presence of scorbutic changes in infants 
is unusual before the sixth month of life. The amount of 
the vitamin available to the breast-fed infant will depend 
upon the mother’s dietary intake. However, the possibility 
of endogenous synthesis of ascorbic acid, through pathways 
recently described in lower forms, should be investigated. 


Vitamin C Deficiency in the Breast-fedInfant. P. E. 
Bharachua. Indian J. Child Health 5: 57, 1956. 

Scurvy is rare during the breast-feeding period; 
similarly, it is said that pregnant women do not suffer 
from scurvy even on grossly scorbutic diets. In this 
study from Bombay, 40 completely breast-fed infants 
age one month to one year were examined for vitamin C 
deficiency. Roentgenograms of the long bones, plasma 
vitamin levels, capillary fragility, and urine saturation 
tests after parenteral administration were performed. 
All showed evidence of a “‘subclinical scorbutic state,’’ 
but only five showed suggestive x-ray signs. There wasa 
correlation between the vitamin C content of the breast 
milk and the results of the saturation test. While the 
vitamin C content of the milk was not excessively low 
for this racial group, the total quantity of milk con- 
sumed was probably insufficient to furnish adequate 
protective amounts of ascorbic acid. (Unfortunately, 
many details are lacking in this report.)—S. O. Ware 
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An Investigation of the Rarity of Infantile Scurvy 
Among the South African Bantu. M. Anderson and 
A.R.P. Walker. Brit. J. Nutrition 10: 101, 1956. 

With breast feeding, particularly when practiced for 
protracted periods as in rural areas in Africa, there is no 
doubt that the amount of vitamin C from the milk 
and from the irregular amounts of fruit and vegetables 
provided, is sufficient to protect against the develop- 
ment of infantile scurvy. In urban areas, however, 
breast feeding is practiced for shorter periods, since 
some mothers, in their desire to get back to work 
quickly, wean their babies as soon as possible after 
parturition. In such areas, the giving of fruit and vege- 
tables is limited, and it is by no means uncommon for 
infants to be weaned on an almost, exclusive diet of 
cereal “‘paps’’ or similar foods, likely to contain either 
very little or no vitamin C. Under conditions where 
infantile scurvy would be expected to occur frequently, 
and occasionally severely, available evidence indicates 
the disease to be virtually absent. In an endeavor to 
throw light on the subject, an investigation was carried 
out on (1) Bantu infants under the age of two admitted 
to Coronation Hospital suffering from severe mal- 
nutrition, and (2) Bantu infants seen in the out- 
patients’ department. Studies have included clinical 
and radiological observations, also determinations of 
the vitamin C concentration in the plasma of the sub- 
jects examined, and in popular baby foods prepared 
by Bantu mothers. No evidence of scurvy was found, 
and in all subjects the plasma vitamin C concentration 
was consistent with the absence of the disease, although 
the foods given to the infants contained very little 
vitamin C. It is concluded that the possibility of 
endogenous production of the vitamin cannot be ex- 
cluded.—B. SurE 


The requirements for ascorbic acid are increased by 
diarrhea which increases fecal losses and by achlorhydria 
which reduces its absorption. Excretion studies in the 
elderly may be influenced by the latter factor in some in- 
stances. 


The Ascorbic Acid Excretion in the Stool in Elderly 
Subjects. M. Chieffi and J. E. Kirk. J. Nutrition 
59: 273, 1956. 

The subjects included in this investigation were 
elderly men, who were inmates of the St. Louis Chronic 


Hospital. Out of a larger group of individuals, 13 
were selected, who were reliable and cooperative and 
who did not suffer from gastrointestinal disease. The 
ages of the men ranged between 65 and 90, with a mean 
of 76 years. 

The ascorbic acid intake and its excretion in the stool 
were first studied during a one-week period, in which the 
individuals received the ordinary diet of the institution. 
The food rejected by each subject was collected, and 
determinations were made daily of the total ascorbic 
acid of the diet and also of the rejected food. Collec- 
tion of the feces was made immediately after each 
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passage, and the 24-hour sample from each person 
treated as described in the paper. After one week the 
subjects were given 200 mg of ascorbic acid by mouth 
daily in addition to the ordinary diet, and the food and 
stool collections were continued as before. 

It was found that the excretion on an ordinary diet 
averaged 1.2 mg daily. After supplementation of the 
diet with 200 mg of ascorbic acid daily a mean excretion 
of 1.5 mg was observed. These values are somewhat 
lower than those reported by previous investigators for 
young adults.—B. SurE 


Ascorbic Acid Content in Fruits of Myrciaria glomer- 
ata Berg. E. Malavolta, J. Leme, J. T. A. Gurgel and 
J.G. Sobro. Nature 178: 424, 1956. 

The fruit of the Brazilian plant Myrciaria glomerata 
Berg. is very rich in ascorbic acid. The peel contains 
about 2500 mg/100 g and the pulp about 3000 mg; 
green fruit has a slightly higher content than mature 
fruit. There was a big difference between fruit from 
trees in full sunlight compared to fruit from trees in the 
shade; shaded fruit had less than 1000 mg of ascorbic 
acid/100 g—F. E. 


The following paper appears to suffer from the usual 
defect observed in a large number of clinical reports— 
the failure to employ adequate controls as well as un- 
identifiable placebo and trial drugs. 


Seven Year Observations on the Treatment of 
Arthritis with Hesperidin-Ascorbic Acid. P. J. Warter, 
H. L. Drezner, D. A. Donio, and S. Horoschak. J. 
Am. Geriatrics Soc., 4: 592, 1956. 

This paper presents the clinical experience in the use 
of hesperidin combined with ascorbic acid in the treat- 
ment of 42 patients with rheumatoid arthritis and 17 
patients with osteoarthritis. 

The authors attempt to establish the fact that ‘“‘capil- 
lary integrity is essential to health and is a big factor in 
the treatment of disease.’’ They also present evidence, 
which is not too convincing, that capillary fragility is a 
major factor in the rheumatoid state. Hesperidin and 
ascorbic acid were chosen because of their synergistic 
action in maintaining normal capillary resistance. 

Forty-two patients with active rheumatoid arthritis 
manifesting capillary fragility and capillary permea- 
bility were chosen for study. The authors state that 
the combination of hespiridin and ascorbic acid has the 
ability to correct ‘“‘abnormal capillary fragility and per- 
meability, and thus enhances the efficacy of therapy 
directed against the disease state.’’ The evidence as 
presented is not convincing for the latter part of the 
statement. The study does not include controls nor 
does it take into account the fact that a large percentage 
of patients with rheumatoid arthritis may have a spon- 
taneous remission. The results in the patients with 
osteoarthritis are even less convincing—K. R. CRISPELL 
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AMINO ACID REQUIREMENTS IN 
MAN 


The daily requirements of specific amino acids has been 
determined in an exhaustive series of studies in men by 
Rose and his group. The minimum requirement is that 
which is just sufficient to produce a positive nitrogen 
balance while maintained on diets devoid of the amino 
acid under study. These important contributions have 
established the standards applied in dietary considerations 
of amino acid metabolism. 


The Amino Acid Requirements of Man. XII. The 
Leucine and Isoleucine Requirements. W. C. Rose, 
C. H. Eades, Jr.,and J. M. Coon. J. Biol. Chem. 216: 
225, 1955. 

As in previous studies in which healthy young men 
served as experimental subjects, the nitrogen of the 
diet was supplied by mixtures of highly purified amino 
acids. Adequate amounts of fat, inorganic salts, and 
vitamins were supplied together with starch, to com- 
plete the energy requirement (57 cal/kg/body weight) 
and Cellu flour was used to supply bulk. Total nitro- 
gen intake was 10.04 g per day, of which 0.34 g was of 
unknown nature. The amino acid minimal require- 
ment was established by finding the smallest intake 
level capable of inducing a positive nitrogen balance. 

The minimal daily requirement for t-leucine (5 
subjects) was found to vary from 0.50 to1.10g. Thisis 
the most pronounced divergence the authors have en- 
countered in any of their amino acid studies. The 
minimal daily requirement for L-isoleucine (4 subjects) 
gave the most uniform results, 0.65 to 0.70 g, the in- 
vestigators have found up to this time. p-leucine and 
p-isoleucine were not utilized to any noticeable extent. 

In accordance with the practice followed throughout 
their studies, the authors propose that 1.10 g L-leucine 
and 0.70 g L-isoleucine be regarded tentatively as the 
minimal daily requirement of adult men for these 
amino acids, and that twice the tentative minimal 
requirement is a safe daily intake—M. K. Horwitt 


In the five following papers the amino acid requirements 
of young women have been determined for threonine, 
valine, tryptophane, leucine, and phenylalanine with and 
without tyrosine. These studies are an extension of 
similar work in males by Rose referred to above. The 
need for an understanding of amino-acid intakes necessary 
to maintain cell function and protein metabolism as indi- 
cated by positive nitrogen balance is important in supple- 
mentation of deficient diets. 


The Quantitative Amino Acid Requirements of Young 
Women. I. Threonine. R. M. Leverton, M. R. 
Gram, M. Chaloupka, E. Brodovsky, and A. Mitchell. 
J. Nutrition 58: 59, 1956. 3 

Thirty-five healthy college girls served as subjects; 
one of them served in two studies... They ranged from 
19 to 26 years of age, from 157 to 176 cm in height, 
and from 45.6 to 74.7 kg in weight. The girls lived in 
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their usual college residences—dormitory, sorority 
house, or private home. At the beginning and end of 
the studies, each subject had a medical examination in- 
cluding routine laboratory tests of blood and urine. 
All subjects had basal metabolic rates within the normal 
range for their ages. 

For the study of each amino acid there was an ex- 
perimental period of 6 to 7 weeks during which a semi- 
purified diet was used. This included a few foods low 
in nitrogen, mineral and vitamin supplements, and 
chemically pure amino acids in the L form (except for 
DL-isoleucine). The intake of the amino acid being 
measured was reduced stepwise until negative nitrogen 
balance resulted. Usually the intake was then in- 
creased until nitrogen equilibrium was established. 
The smallest intake of an amino acid which permitted 
all of the subjects to remain in nitrogen equilibrium was 
considered the minimum requirement. After the mini- 
mum requirement of each of these amino acids had been 
determined separately, its adequacy was tested in the 
presence of minimum amounts of the other four amino 
acids. The smallest intake of threonine which per- 
mitted all of the subjects to be in nitrogen equilibrium 
was 305 mg daily. This amount is rounded to 310 mg 
and suggested as a tentative minimum daily threonine 
requirement of normal young women similar to those 
studied here. 

Nitrogen equilibrium studies on humans carried out 
in short periods have only limited significance. They 
should be followed by longer periods of study which 
would yield information on effect on hematopoietic 
function, on enzymatic efficiency, on organs of metab- 
olism, and resistance to infection. —B. SuRE 


The Quantitative Amino Acid Requirements of 
Young Women. II. Valine. R. M. Leverton, M. R. 
Gram, E. Brodovsky, M. Chaloupka, A. Mitchell, and 
N. Johnson. J. Nutrition 58: 83, 1956. 

The valine requirement of 7 young women was 
studied by using a semi-purified diet, reducing the in- 
take of L-valine stepwise from 1560 to 465 to 375 mg 
and then increasing it to 650 mg daily, and measuring 
the nitrogen balance. All subjects were in nitrogen 
equilibrium, which is defined as the excretion being 
within 95 to 105 per cent of the intake, or were storing 
nitrogen on a daily intake of 650 mg of valine. When 
the intake was reduced to 465 mg daily only four of the 
seven subjects were in equilibrium, and when it was 
further reduced to 375 mg the subjects were either in 


_ negative balance or showed symptoms which may have 


been a result of an amino acid deficiency. 


In a later study, eight other subjects maintained . 


nitrogen equilibrium on an intake of 650 mg of valine 
when threonine, tryptophan, phenylalanine, and leucine 


were also present in the semi-purified diet in similarly - 


established minimum amounts. The lowest daily in- 
take of valine which maintained all of the subjects in 
the zone of nitrogen equilibrium was 650 mg. This 
amount is suggested as the minimum daily requirement 


, 
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of valine for young women similar to those studied 
here.—B. SuRE 


The Quantitative Amino Acid Requirements of 
Young Women. III. Tryptophan. R. M. Leverton, 
N. Johnson, J. Fazur, and J. Ellison. J. Nutrition 
58: 219, 1956. 

Tryptophan was the third amino acid included in the 
study of the amino acid requirements of young women 
which was conducted at the University of Nebraska. 
The purpose of the work was to find the least amounts 
of threonine, valine, tryptophan, phenylalanine, and 
leucine which would maintain the subjects in nitrogen 
equilibrium under the controlled conditions of the study. 

The tryptophan requirement was studied using eight 
young women as subjects. On a semi-purified diet 
nitrogen balances were determined on daily intakes 
which began with 307 mg of L-tryptophan, were re- 
duced to 82 mg and then to 63 mg, and finally raised to 
157 mg. The lowest daily intake of tryptophan which 
maintained all of these subjects in nitrogen balance 
(excretion within 95 to 105 per cent of the intake), 
was 157 mg. This level of tryptophan was fed to 8 
additional subjects in a ration which contained mini- 
mum amounts of threonine, valine, phenylalanine, and 
leucine. These subjects remained in nitrogen balance. 

The figure of 157 mg of L-tryptophan is rounded to 
160 mg and suggested as a tentative minimum daily re- 
quirement for young women similar to those studied 
here.—B. SuRE 


The Quantitative Amino Acid Requirements of Young 
Women. IV. Phenylalanine, with and without Tyro- 


sine. R. M. Leverton, N. Johnson, J. Ellison, D. 
Geschwender, and F. Schmidt. J. Nutrition 58: 341, 
1956. 

At the University of Nebraska, studies have been 
made of the quantitative requirements of young women 
for five of the essential amino acids. This paper reports 

_ the results of the study of L-phenylalanine requirement 
with and without tyrosine of 10 college girls who served 
as subjects. On a semi-purified diet the daily phenyl- 
alanine intake was reduced from 1280 to 320, to 220, to 
120, and to 70 mg, while the tyrosine intake was kept 
constant at 900 mg daily. An intake of 220 mg of 
phenylalanine was the least amount which maintained 
all of the subjects in nitrogen equilibrium. The effect 
of feeding other proportions of phenylalanine and tyro- 
sine was studied, but no clear-cut relationships were 
established. However, the sparing action of tyrosine 
on phenylalanine requirement was evident. 

Another group of eight subjects remained in the zone 
of nitrogen equilibrium when fed a Test-Mix ration 
which included 220 mg of phenylalanine, 900 mg of 
tyrosine, and minimum amounts of threonine, valine, 
tryptophan, and leucine found in this laboratory to be 
required by young women for maintaining nitrogen 
balance. In the presence of 900 mg of tyrosine, 220 
mg of phenylalanine is suggested as the tentative 
minimum daily requirement of young women. 
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It is not clear from this paper why the same mini- 
mum of 220 mg of phenylalanine is suggested as the 
tentative minimum daily requirement of young women 
in the presence of 900 mg tyrosine and the same amount 
in the absence of tyrosine. It would seem that in the 
absence of tyrosine the daily minimum requirement 
should be considerably higher than 200 mg.—B. SuRE 


The Quantitative Amino Acid Requirements of 
Young Women. V. Leucine. R. M. Leverton, J. 
Ellison, N. Johnson, J. Pazur, F. Schmidt, and D. 
Geschwender. J. Nutrition 58: 355, 1956. 

This paper reports the results of the work with 
leucine, the fifth and last amino acid which was studied. 
The leucine requirement has been studied, with 12 
young women serving as subjects on a semi-purified 
diet. Daily leucine intakes of 1860, 710, 620, 480, 370, 
270, 170 and 95 mg were fed, and nitrogen balances de- 
termined. Not all of the subjects were studied on all 
of these levels. 

The amount of leucine needed by the different sub- 
jects for nitrogen equilibrium varied from 170 to 710 
mg daily. The 710-mg intake was for one subject who 
required more than 460 mg of leucine but who was not 
studied on an intake of 620 mg. When 620 mg was in- 
cluded in a Test-Mix ration with minimum amounts of 
four other essential amino acids, threonine, valine, 
tryptophan, and phenylalanine, all eight of the sub- 
jects fed this ration were in nitrogen equilibrium. The 
figure of 620 mg of t-leucine has been suggested as a 
tentative minimum daily requirement for young women 
for nitrogen equilibrium.—B. SurE 


Additional studies on amino acid requirements in 
woman dealing with methionine and isoleucine are in- 
cluded here. 


Amino Acid Requirements of Young Women Based 
on Nitrogen Balance Data. I. The Sulfur-Containing 
Amino Acids. M. E. Swendseid, I. Williams, and Max 
S. Dunn. J. Nutrition 58: 495, 1956. 

Among the amino acids designated as being indis- 
pensable dietary components for adult man is the 
sulfur-containing amino acid, methionine. The pres- 
ent studies were undertaken to provide more informa- 
tion as to the amounts of sulfur-containing amino acids 
necessary in human nutrition. 

The amounts of the sulfur-containing amino acids 
required to maintain nitrogen equilibrium in eight 
healthy young women have been determined. When 
these subjects were placed on a diet containing 7 to 8 
grams of nitrogen in the form of peanut protein, the 
essential L-amino acids, and glycine, it was found that 
the cystine-methionine requirement was 350 mg or less 
for five subjects, 450 mg for two subjects, and 550 mg 
for one subject —B. SuRE 


Amino Acid Requirements of Young Women Based 
on Nitrogen Balance Data. II. Studies on Isoleucine 
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and on Minimum Amounts of the Eight Essential Amino 
Acids Fed Simultaneously. M. E. Swendseid and 
Max S. Dunn. J. Nutrition 58: 507, 1956. 

The amount of isoleucine required to maintain nitro- 
gen equilibrium in seven healthy young women has 
been determined. When these subjects were placed on 
a diet containing 6 or 7 grams of nitrogen in the form of 
the essential L-amino acids and glycine, it was found 
that the isoleucine requirement varied from 250 to 450 
mg per day. Three of the subjects required 250 mg, 
three 350 mg, and one 450 mg. 

In the second part of the experiment, minimum re- 
quired amounts of all eight essential amino acids were 
fed simultaneously to six subjects. The remainder of 
the nitrogen content of the diet was chiefly glycine. 
It was found that nitrogen balance was maintained in 
these subjects for the experimental period of five days, 
with the exception that equivocal results were obtained 
in one individual.—B. SurE 


In infant nutrition, an understanding of optimum 
amino acid intakes is of particular significance since the 
rates of protein synthesis are augmented during somatic 
growth. The interrelationships involving various amino 
acids are illustrated by the increased excretion of histidine 
’ noted during phenylalanine restriction. It is of consider- 
able interest that sufficient essential amino acids may be de- 
rived from a diet in which most of the protein is of plant 
origin. 


The Threonine Requirement of the Normal Infant. 
E. L. Pratt, S. E. Snyderman, M. W. Cheung, P. 
Norton, and L. E. Holt, Jr. J. Nutrition 56: 231, 1955. 

A knowledge of the human requirements for amino 
acids is essential for the recognition and intelligent re- 
pair of defective dietary situations. It is of particular 
importance in disturbances of the digestive tract 
where there are limitations in the amount of food that 
can be given, both orally and parenterally. Such in- 
formation has been slow in coming, for the production 
of an experimental diet deficient in a single amino acid 
which could be supplemented by known amounts of the 
amino acid in question involves several difficulties. 
The following plan of study was found to be most de- 
sirable: A synthetic diet was employed which pro- 
vided nitrogen in the form of a mixture of 18 essential 
and non-essential amino acids, all as the natural L- 
isomers. It was found that infants would gain weight 
normally and exhibit every sign of health on such a diet, 
although a somewhat higher than average caloric in- 
take was at times required. 

By graded reduction of threonine intake, threonine 
being replaced by glycine, the minimum threonine re- 
quirement was determined. This was found to be ap- 
proximately 60 mg per kg per day for infants between 
one and six months of age. ; 

A deficiency of threonine was associated with failure 
to gain weight and with impaired retention of nitrogen. 
There was increased loss of nitrogen in the urine, but no 
increased aminoaciduria. Certain changes in the amino 
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acid excretion pattern were observed, notably a de- 
creased threonine excretion.—B. SuRE 


The Phenylalanine Requirement of the Normal 
Infant. S. E. Snyderman, E. L. Pratt, M. W. Cheung, 
P. Norton, and L. E. Holt, Jr. J. Nutrition 56: 253, 
1955. 


A study to evaluate the phenylalanine requirement 
of infants was carried out employing a synthetic diet, 
the nitrogen moiety of which consisted of a mixture of 
18 amino acids, essential and non-essential, all as the 
natural L-isomers. By graded reduction of the phenyl- 
alanine, which was replaced by glycine, the minimal 
phenylalanine intake compatible with normal health 
was determined. It was found to be approximately 
90 mg/kg/day. 

A deficiency of phenylalanine was associated with 
failure to gain weight and impaired nitrogen retention, 
due primarily to increased azoturia and hypoglobuline- 
mia. An increase in free amino acid excretion in the 
urine was observed. The excretion pattern of free 
amino acids in the urine showed a striking decrease in 
phenylalanine itself and certain other consistent 
changes, notably an increased histidinuria.—B. SurE 


The Intakes of Essential Amino Acids of Children 
Who Were Deriving Most of Their Protein from Bread 
and Vegetables. B.P. Hughes. Brit. J. Nutrition 9: 
373, 1955. 


The children taking part in these investigations, 
whose ages ranged from 4 to 15 years, lived in two or- 
phanages in Germany. At one (Duisburg) wheat 
provided 75 per cent of the total calories and the aver- 
age protein intake was about 61 to 73 g a day, of which 
approximately 8 g were derived from animal sources. 
At the other (Vohwinkel), wheat contributed 35 per 
cent of the calories and another 35 per cent were de- 
rived from sugar and fat. The total protein intake at 
this orphanage was 51 to 55 g a day, of which about 11 
g were of animal origin. The Vohwinkel diets were thus 
lower in protein, but because of the additional sugar and 
fat, were actually some 10 per cent higher in calories. 


The essential amino-acid intake of the children in the 
two German orphanages was calculated and compared 
with the intake of children on a diet much richer in 
animal protein. The diets low in animal protein pro- 
vided somewhat less of most of these amino acids, but 
with the exception of methionine, provided double the 
amounts required for nitrogen equilibrium in the adult. 
Since the German children grew rapidly and improved 
in health, their amino acid requirements must have 
been satisfied by the protein foods which they were 
eating, and these were chiefly plant foods. 

Since information is lacking on the duration of this 
study, the question arises if the diets composed largely 
of plant foods would have been adequate for normal 
blood formation and for resistance to infections during 
a period of one to two years.—B. SURE 
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CALCIUM METABOLISM 


A new procedure of value in the study of metabolic bone 
disease, parathyroid function and calcium metabolism is 
the calcium tolerance test. In the studies of Howard, et al. 
and Nordin and Fraser using 10-20 mg calcium ion per 
kg observations of parathyroid function and skeletal avidity 
for calcium have been reported. The rising blood levels of 
calcium during the infusion test reduces parathyroid 
secretion which results ina diminution of urinary phos- 
phate excretion. A fixed level of phosphate excretion, un- 
affected by calcium infusion is seen in the autonomously 
functioning parathyroid adenomas. In osteomalacia, the 
calcium-hungry bone matrix may utilize a higher per- 
centage of the infused calcium so that excretion is below the 
normal levels. On the other hand, osteoporotic bone 
contains sufficient calcium for available matrix resulting in 
excretion of the infused calcium. 


A Calcium-Infusion Test. I. Urinary Excretion 
Data for Recognition of Osteomalacia. B.E.C. Nordin 
and R. Fraser. Lancet 1: 823, 1956. 

A calcium infusion test is described in which 15 mg of 
calcium (as gluconate) per kg of body weight is ad- 
ministered over four hours in normal saline. The test 
has been used in 21 normal people with no evidence of 
metabolic bone disease, 12 with osteomalacia and stea- 
torrhea, 17 with steatorrhea but without definite 
osteomalacia, 18 with osteoporosis, and 30 with ‘‘mis- 
cellaneous conditions in which bone disease might be 
suspected.” 

The net urinary excretion of calcium during the first 
12 hours after the start of the infusion was 33-53 per 
cent in the 21 “normals” and 2-27 per cent in the 12 
with osteomalacia. Of the 17 with steatorrhea, 8 
showed results in the osteomalacia range. In the 
cases of osteoporosis, the excretion was always in or 
above the normal range. In the 30 miscellaneous 
cases, 10 gave low excretion figures, but only 6 of these 
could be satisfactorily explained. The test was shown 
to be much superior to the simple measurement of 
urinary calcium on a low-calcium diet —F. E. HyTtTEN 


A Calcium-Infusion Test. II. ‘‘Four-Hour Skeletal 
Retention’? Data for Recognition of Osteoporosis. 
J. M. Finlay, B. E. C. Nordin, and R. Fraser. Lancet 
1: 826, 1956. 

The results of the calcium-infusion test (previously 
described), have been analyzed to show, in 54 patients, 
the ‘four-hour skeletal retentions” of calcium, i.e., the 
proportion of the infused calcium neither in the urine 
nor in the extracellular fluid at four hours. 

In ten “normal” patients the value was 50-62 per 
cent; in eight patients with osteomalacia due to stea- 
torrhea, and in five of seven with steatorrhea but with- 
out obvious osteomalacia, the four-hour retention was 
above normal. In 11 of 15 patients with osteoporosis, 


the retention was below normal, although the urinary 
excretion of calcium was abnormal in only four of them. 
It is considered that the “four-hour skeletal retention” 
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test may offer a valuable biochemical criterion for 
osteoporosis—F. E. HytTEN 


Studies in Calcium Metabolism. The Fate of 
Intravenously Injected Radiocalcium in Human Beings. 
F. Bronner, R. S. Harris, C. J. Maletskos, and C. E. 
Benda. J. Clin. Investigation 35: 78, 1956. 

Calcium metabolism is incompletely understood in 
man. In this study radiocalcium (Ca) was adminis- 
tered intravenously to nine adolescent boys, and one 
young man, all of whom were normal except for mental 
inadequacy. 

The urine contained from one and a half to two times 
the quantity of radiocalcium excreted in the feces. 
Calculations reveal that about 15 per cent of the aver- 
age daily fecal output of calcium in the adult was en- 
dogenous in origin. Only a minor fraction of the calcium 
absorbed on any one day is re-excreted promptly. The 
major portion is retained for some time. The peak 
output of Ca“ in the feces occurred on the second or 
third day. Excretion was low in that in no case did the 
combined output of isotope exceed 7 per cent of the 
injected radiocalcium during any one day. Nearly all 
of the calcium which enters the body at a given moment 
is at first retained, presumably chiefly by the skeleton, 
and equilibrium is maintained by excreting calcium 
which had been previously absorbed.—S. O. WAIFE 


Calcium excretion is increased in the stools in chronic 
diarrheal states in which steatorrhea interfering with 
calcium absorption is a prominent feature. Demineral- 
ization of the skeleton occurs in these conditions. If the 
small bowel is the site of the disorder the use of vitamin D 
and calcium may be unsuccessful in combating osteo- 
malacia. 


Osteomalacia Following Gastrectomy. 
and I. B. Smith. Lancet 1: 935, 1956. 

A case is described of a 52-year-old woman, who, at 
the age of 38, had had a partial gastrectomy with Polya- 
Moynihan anastomosis for a gastric ulcer. She had 
had two loose stools daily since the operation, and for 
two or three years had suffered increasing backache 
with kyphosis. She had gross demineralization with 
evidence of old fractures and deformity of the pelvis 
which could only be attributed to steatorrhea following 
the gastrectomy. The patient recovered on treatment 
with calcium and vitamin D.—F. E. HyttEn 


L. N. Pyrah 


Idiopathic hypercalcemia in infants is described in the 
four following abstracts. Hypersensitivity to the action 
of vitamin D appears to be excluded as a cause for this 
disorder since calciferoi administration is shown to have 
no effect. The favorable response to glucocorticoid therapy 
ts difficult to explain. 


Idiopathic Hypercalcaemia of Infants. 
and R.G. Mitchell. Lancet 1: 1028, 1956. 
The clinical and pathologic features of three fatal 


K. Rhaney 
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cases of the simple form of idiopathic hypercalcemia are 
described and compared with those of the severe form, 
and of hypervitaminosis D. Although it was not pos- 
sible to explain these deaths satisfactorily, it is thought 
that death may have resulted from persistent vomiting. 

The main histologic feature of these three infants 
was renal calcification, mostly of the outer medulla. 
These are not specific renal changes; they are found in 
infantile renal rickets, hypervitaminosis D, and with 
other diseases of infancy. Calcification of a cerebral 
artery and osteosclerosis were present in one of the 
cases.—F. E. HyTTEN 


Management of ‘‘Idiopathic’? Hypercalcaemia in 
Infancy. T. Stapleton, W. B. MacDonald, and R. 
Lightwood. Lancet 1: 932, 1956. 

A case of idiopathic hypercalcemia in a four-month- 
old infant is reported to demonstrate that the condition 
can be reversed by a diet almost free of calcium. 

The treatment is described in detail; low-calcium 
milk and low-calcium cereal were prepared as part of 
the diet. The serum calcium returned to normal and 
such signs as hypertension disappeared. Criteria are 
suggested for deciding when an infant may return to a 
normal diet —F. E. HytTEN 


Metabolic Studies on Two Infants with Idiopathic 
Hypercalcaemia. H. G. Morgan, R. G. Mitchell, 
J. M. Stowers, and J. Thomson. Lancet 1:925, 1956. 

Metabolic balance studies are reported on two in- 
fants with idiopathic hypercalcemia, of whom one died. 
There was a large absorption of calcium, probably due 
to overaction of vitamin D, ‘‘although it is impossible 
to distinguish between the effects of overdosage and 
those of hypersensitivity.” 

The plasma calcium level can be reduced by a low 
calcium diet without added vitamin D, and more 
rapidly by giving cortisone in addition. Cortisone in- 
creases the proportion of fecal to dietary calcium and 
phosphorus and ‘‘may also redistribute calcium within 
the body.” 

Disodium ethylenediamine tetracetic acid will also 
reduce the plasma calcium level but has toxic side- 
effects, causing gastrointestinal upset. It is con- 
sidered that the considerable fortification of infant 
foods with vitamin D in the United Kingdom undoubt- 
edly increases the risk of the disease.—F. E. HyTTEN 


Idiopathic Hypercalcaemia of Infancy. J. O. Forfar, 
C. L. Balf, G. M. Maxwell, and S. L. Tompsett. Lancet 
1: 981, 1956. 

Five cases of idiopathic hypercalcemia are described. 
There was increased retention of calcium and phos- 
phorus, moderate hypercalcemia, and low urinary ex- 
cretion of phosphorus. Three of the infants were not 
taking excessive vitamin D and only one was taking 
over 2000 units daily. Calciferol did not significantly 
aggravate the condition. Briefly, an argument is 
presented to show that neither excessive ingestion of 
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vitamin D nor hypersensitivity to it explain all the 
features of this condition—the serum citrate and urinary 
output of citrate, for example, rather suggest hypo- 
vitaminosis D. 

The serum cholesterol level was usually raised in the 
active phase of hypercalcemia and was significantly 
correlated (r = 0.72) with the serum calcium level. 

The authors suggest that in idiopathic hypercalcemia 
a disturbance of cholesterol metabolism produces a 
cholesterol derivative with hypercalcemic and toxic 
effects. The possibility that this disturbance of choles- 
terol metabolism may be due to infection is considered. 

A low-calcium diet induced a negative calcium 
balance and lowered the serum calcium without consis- 
tent clinical improvement. Prednisolone reduced the 
absorption of calcium, and cortisone lowered the serum 
calcium and antagonized the effect of ingested calcif- 
erol.—F. E. HyTTEN 


A lowering of serum calcium levels in prematurely born 
infants is reported in the following paper. Despite the 
unusual reductions of blood pH in these infants, tetany 
has been observed occasionally in these hypocalcemic 
infants. 


The Incidence of Hypocalcemia on the First Day of 
Life in Mature and Premature Infants. I. F. Gittle- 
man, J. B. Pincus, E. Schmerzler,’and M. Saito. 
Am. J. Dis. Child. 90: 573, 1955 (Soc. Trans. ). 

In the course of studies on the serum calcium levels in 
infants during the first week of life, the authors en- 
countered 22 instances of hypocalcemia on the first 
day of life in a group of 838 infants. All of these 
infants were delivered normally. The mothers of 12 
of the 22 infants with hypocalcemia suffered from dis- 
orders such as diabetes, placenta previa, abruptio 
placenta, ‘‘spotting’” during pregnancy, and inertia 
uteri. 

Because of the high incidence of physiologic disorders 
in the mothers of infants having hypocalcemia on the 
first day of life, and since Caesarean sections are fre- 
quently performed because of diseased states in the 
mothers, the incidence of hypocalcemia on the first 
day of life was studied in infants delivered by Caesarean 
section. Fourteen of seventy infants had hypocalcemia 
on the first day of life, i.e., an incidence of 20 per cent 
in the Caesarean-section babies as compared to 2.6 per 
cent in the infants delivered per vaginam. Seven of 
these fourteen infants were born to mothers who had 
diabetes, placenta previa, pre-eclampsia, pyelonephritis, 
polyhydramnios, and inertia uteri. 

Since in most of the cases of prematurity there are 
associated abnormal physiologic processes: in the 
mother, the incidence of hypocalcemia on the first 
day of life in premature infants was investigated. 
Forty-seven infants were studied. In 24 of these, 
hypocalcemia was present, i.e., an incidence of 51 per 
cent. When these infants were grouped according to 
their birth weight, in Group I, consisting of 9 infants, 
whose weight varied between 1140 and 1470 g, 8 in- 
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stances of hypocalcemia were found, i.e., an incidence of 
88.8 per cent; in Group II, which comprised 13 in- 
fants, whose weight varied between 1620 and 1910 g. 
There were six instances of hypocalcemia, an incidence 
of 46.2 per cent and in Group III, consisting of 25 in- 
fants, whose weight varied between 1920 and 2385 g, 
there were 10 instances of hypocalcemia, an incidence 
of 40 per cent. 

The incidence of convulsions among the hypocalcemic 
infants was as follows: (1) In the 22 hypocalcemic 
infants in the group of full-term newborn infants there 
were two instances of convulsions. (2) In the Ce- 
sarean-section series, out of 14 infants with hypocal- 
cemia, 3 had convulsions. (3) In the premature groups, 
three of the hypocalcemic infants had convulsions, and 
these three were all in the lowest weight group. In the 
60 hypocalcemic infants studied, eight developed con- 
vulsions. 

The authors conclude that (1) hypocalcemia occurs 
on the first day of life in both mature and premature 
infants; (2) the hypocalcemic state was associated with 
manifest tetany in 8 out of 60 infants studied; (3) the 
incidence of hypocalcemia is highest in premature in- 
fants and increases in frequency as the weight of the 
infants decreases.—J. N. ETTELDORF 


Apparently, human milk, which does not elevate serum 
phosphate consistently, raises the serum calcium while 
cow's milk usually increases serum phosphate and may 
lower serum calcium levels. 


Serum Calcium and Phosphorus in Premature and 
Full-Term Infants. E. Bruck and D. H. Weintraub. 
Am. J. Dis. Child. 90: 653, 1955. 

In a longitudinal study in 51 premature and 21 
full-term infants during the first three weeks of life, the 
authors have accumulated a tremendous quantity of 
data directed toward establishing the following: 
(1) normal fluctuations or variations in serum calcium 
levels during neonatal life; (2) the factors which in- 
fluence serum calcium levels; and (3) the correlation 
of symptoms with serum calcium levels. 

The serum calcium levels in the premature infants 
were significantly lower and more variable during the 
newborn period than in full-term infants. The calcium 
and phosphorus levels of the cord blood showed no 
relation to the subsequent levels, and in all instances the 
first serum calcium determination in the infant was 
lower than in cord blood. The fall in serum calcium 
during the first 24 hours ranged from 0.8 to 4.6 mg per 
100 ml. The majority of infants reached their lowest 
level during the immediate postnatal period when food 
was withheld. The drop was proportional to the dura- 
tion of fasting, all serum calcium levels were above 8 
mg per 100 ml during the first 12 hours of fasting and 
all fell below 8 mg per 100 m! after 33 hours of fasting. 

In contrast to serum calcium, the phosphorus levels 
of the serum were not significantly different in the pre- 
mature and full-term infants. The influence of fasting 
was inconclusive. Falling serum calcium levels were 
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associated with a rising phosphate level in 27 of 35 
infants; a rise in serum calcium level resulted in equal 
number rises and falls in serum phosphorus levels. 

In comparing the effect of cow’s milk versus human 
milk on the serum calcium during the period following 
the initial fast, it was observed that human milk resulted 
in a consistent elevation, whereas 60 per cent of the 
infants receiving cow’s milk experienced an increase 
and 40 per cent showed an initial decrease. Cow’s- 
milk formulae were associated with an increase in phos- 
phate, whereas human milk feeding caused a decrease 
in a significant number of cases. 

In simultaneous observations during early feeding of 
cow’s milk, both serum calcium and phosphorus were 
higher than before feeding. Human milk caused less 
of an increase than cow’s milk under similar conditions. 

The serum alkaline phosphatase was significantly 
higher in premature than in full-term infants, but fell 
within the range of “‘normal” for this age group. 

Interestingly, all six infants who were ill with other 
diseases (two infants of diabetic mothers) had serum 
calcium levels below 8 mg per 100 ml. However, the 
pH and potassium levels had no effect on the presence 
or absence of signs of tetany in patients with hypocal- 
cemia. There was no consistent fall in the serum cal- 
cium during the post-acidotic state. 

The serum potassium levels ranged between 4-6 
meq/L, but the mean value was significantly higher in 
premature than in full-term infants. 

The final conclusion is that the causes of hypocal- 
cemia in newborn infants are multiple and interrelated. 
—J. N. ETTELDORF 


Phytates have been employed successfully in the therapy 
of hypercalcemia. The serious symptoms associated with 
high serum calcium levels have rapidly subsided following 
phytate administration. It is reassuring to note, however, 
that the natural sources of phytate do not exert a significant 
effect upon calcium absorption. 


Studies in Calcium Metabolism. Effect of Food 
Phytates on Calcium Uptake in Boys on a Moderate 
Calcium Breakfast. Felix Bronner, R. S. Harris, C. J. 
Maletskos and C. E. Benda. J. Nutrition 59: 393, 1956. 

In an earlier study it was reported that phytates sig- 
nificantly depressed the calcium uptake when the test 
breakfast contained about 85 mg of calcium and 100 
mg of phytic phosphorus. The authors are now re- 
porting on the effect of phytates on the uptake of radio- 
calcium (Ca‘*) in boys who were given a test breakfast 
which contained 80 mg of phytic P and 239 mg of Ca. 
This is an amount of calcium typical of that in the 
breakfast of many children in the United States. 

Seventeen boys were given two test breakfasts, one of 
oatmeal, one of farina, at an interval of three weeks, 
for the purpose of comparing calcium uptake in the 
presence and in the absence of food phytate. The boys 
had subnormal intelligence but were otherwise normal, 
and were institutionalized under relatively uniform 
conditions. The two test breakfasts contained, re- 
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spectively: 220 and 220 ml of milk; 241 and 237 mg of 
Ca, 80 and 0 mg phytic P; and 0.85 and 0.85 yge of 
Ca*, Ca uptake was studied by determining the Ca® 
contents of the serum samples taken 2.5 hours following 
ingestion of the test breakfast, and by measuring the 
Ca* output in pooled urine and stool specimens col- 
lected for 72 and 120 hours, respectively, following in- 
gestion of the Ca*-labeled meals. 

The specific activities of the serum and urine samples 
obtained from these subjects were not significantly 
changed when the cereal of the test breakfast was 
changed from oatmeal to farina, or the reverse. For 
purposes of a criss-cross design the individuals had been 
divided into two subgroups. The fecal output of 
Ca“ of each subgroup was affected significantly by 
changing the cereal of the test breakfast from oatmeal 
to farina. However, the direction of change was 
opposite for each subgroup. When the results of the 
fecal output of the two subgroups were pooled, the 
difference between the two test breakfasts was no longer 
significant. The percentage of absorbed Ca decreased 
as the Ca intake increased. 

It is concluded that phytates do not exert a significant 
effect on Ca* absorption when the meal provides 239 
mg of Ca and when the phytic P intake is 80 mg. Be- 
cause this ratio of Ca to phytic P is typical of diets in 
the United States, it may be concluded that food phy- 
tates are of no nutritional concern in this country.— 
B. SURE 


FLUORINE AND DENTAL HEALTH 


For more than two decades there has been an increasing 
interest in the addition of fluorine to drinking water in 
order to lower the incidence of dental caries. Because of 
the relationship of fluorine to dental health, it has come 
to be regarded as an essential trace element. The optimum 
concentration of this factor in drinking water appears to be 
approximately one part per million. Larger quantities 
of fluorine cause mottling of the enamel known as fluorosis. 
The following reports deal with much of the newer knowl- 
edge of this important nutritional factor. 


The Distribution of Fluoride in Human Enamel. 
F. Brudevold, D. E. Gardner, and F. A. Smith. J. 
Dent. Res. 35: 420, 1956. 

The fluoride content of different layers of enamel was 
determined for various groups of teeth: unerupted but 
not fully formed teeth from Buffalo, New York, where 
the water contained little fluoride; fully formed un- 
erupted teeth from Buffalo; fully formed unerupted 
teeth from Rochester, where the water had been 
fluoridated at one part per million (p.p.m.) for one year; 
erupted teeth from subjects of age groups varying from 
under 20 to over 50 years and teeth that were mottled 
due to high levels of fluoride in a Texas community. 
The fluoride content of the surface layer of enamel in 
every group of teeth whether unerupted or erupted, 
deciduous or permanent, was much higher than for the 
deeper levels of the enamel. For example, in the over- 
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50 age group, the surface enamel contained 1247 p.p.m., 
while the eighth layer from the surface contained 58 
p.p.m. There was a continued increase in the fluoride 
content of the surface enamel post-eruptively with age. 
Whereas the surface enamel of teeth in the under 20 
year group contained 571 p.p.m., the same layer in the 
20 to 29-year-old group contained 1205 p.p.m. In 
turn, the surface enamel of the erupted teeth in the 
under-20 group had more fluoride than the unerupted 
teeth trom Buffalo where fluoridated water was not 
available. The year of water fluoridation in Rochester 
was adequate to increase appreciably the fluoride con- 
tent of all layers of unerupted fully formed teeth. 
Mottled enamel contained higher concentrations of 
fluoride in any given layer than unfluorosed teeth in 
the comparable layer. Permanent teeth contained 
more fluoride in each layer than deciduous teeth. 

The authors postulate that fluoride is laid down dur- 
ing calcification in relatively uniform and low amounts 
through the enamel, and that thereafter increments 
occur on the surface only because of what they con- 
sider to be the limited post-developmental contact of 
tissue fluids with the deeper layers of enamel.— 
J. H. SHaw 


The Effect of Artificial Water Fluoridation on the 
Solubility of Tooth Enamel. S. B. Finn and C. De- 
Marco. J. Dent. Res. 35: 185, 1956. * 

Naturally exfoliated anterior deciduous teeth were 
collected under three circumstances; (1) from New- 
burgh, N. Y., from children whose teeth had erupted 
prior to fluoridation but were exposed to water bearing 
1 part per million (p.p.m.) of added fluoride post- 
eruptively for five years; (2) from children who were 
born in Newburgh, N. Y. after water fluoridation began; 
and (3) from children in Rochester, N. Y. prior to 
water fluoridation. Tests were made of the acid solu- 
bility of the enamel. The average values for the num- 
ber of milligrams of enamel that were not dissolved 
under the conditions employed were 36.65, 38.60 and 
36.12, respectively. The average value for the undis- 
solved enamel of the post-fluoridation teeth from New- 
burgh (Group 2) was higher by a statistically significant 
degree than the average value for the pre-fluoridation 
Newburgh teeth (Group 1) or the non-fluoridation 
Rochester teeth (Group 3). This difference in acid 
solubility of enamel can be attributed clearly to water 
fluoridation and is comparable in degree to that found 
between teeth formed in areas where the water supplies 
are naturally fluoride-bearing and teeth found in low- 
fluoride areas. Whether the acid solubility of enamel 
is related to the different susceptibility to dental 
caries is not known. However, with respect to the 
influence upon dental caries and acid solubility of 
enamel, water fluoridation compares favorably with 
naturally borne fluorides. —J. H. SHaw 


Caries Incidence and Enamel Defects in Areas with 
Different Levels of Fiuoride in the Drinking Water. 
J. R. Forrest, British Dent. J. 100: 195, 1956. 
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Reports continue to be presented from various areas 
of the world substantiating the strong relationship 
between the fluoride content of municipal water sup- 
plies and the dental-caries incidence of children in those 
areas. In the present report, the dental caries ex- 
perience in 12 to 14 year old children of West Mersea, 
Burnham-on-Crouch, Harwich, Slough, Saffron Walden 
and District in Essex, and Stoneleigh and Malden West 
in Surrey has been compiled. The fluoride content of 
the water in these communities was 5.8, 3.5, 2.0, 0.9, 
0.1 and 0.1 parts per million (p.p.m.), respectively. 
The average number of decayed, missing and filled 
teeth per child in these areas was 2.8, 1.4, 1.5, 2.6, 6.6 
and 6.1, respectively. The percentage of children 
free from caries in these areas was 24, 50, 35, 30, 4 and 8, 
respectively. This degree of relationship is comparable 


to what has been reported in children 12 to 14 years of © 


age in various areas of the world. The degree of 
mottled enamel in West Mersea, Burnham-on-Crouch, 
and Harwich was significant and in many cases ob- 
jectionable. However, in Slough where the water 
contained 0.9 p.p.m. there were only three cases where 
mottled enamel was rated as mild or moderate with no 
moderately severe cases.—J. H. SHAW 


Determination of Fluoride in Organic and Inorganic 
Fractions of Dentin and Enamel. S.C. Peckham, R. S. 
Leopold, and W. C. Hess. J. Dent. Res. 35: 205, 1956. 

Teeth with relatively high fluoride contents were 
collected from individuals who resided throughout 
their lives in Green Bay, Wis., where the water supply 
contains 2.1 parts per million (p.p.m.) fluoride. 
Enamel and dentin were separated from each other 
by accepted procedures. Fluoride determinations 
were made on enamel, crown dentin, and root dentin, 
which were found to contain 90, 640, and 940 p.p.m. 
fluoride, respectively. Samples of each tissue were de- 
calcified by either ethylene diamine tetracetic acid, 
trichloracetic acid, or hydrochloric acid. The organic 
residue was filtered off and analyzed for fluorides. No 
fluoride could be detected in the organic residue from 
any of these samples. Other samples of whole teeth, 
whole crowns of teeth, crown dentin, and root dentin 
were treated with alkaline ethylene glycol to remove 
the organic moiety. Again fluoride determinations 
were made on the fraction that contained the organic 
materials. In all cases except one, no fluoride was 
found in the organic fraction. These results are as one 
would expect from previous studies that indicated the 
fluoride during calcification substituted for the hydroxyl 
ion in the hydroxyapatite crystal lattice of enamel, 
dentin, and bone. The fact that these new data con- 
firm this strengthens the arguments for fluoridation, as 
it points out the lack of accumulation of fluorides in 
the organic tissues where they would be more likely to 
exert a toxic influence on metabolic processes.— 
J. H. SHaw 


The increased rate of salivary flow attributed to in- 
creased fluoride levels has not been confirmed in the 
clinical observations. 
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The Rate of Flow of Stimulated Saliva in High and 
Low Fluoride Areas. G. N. Jenkins, British Dent. J., 
101: 79, 1956. 

Salivary samples were collected from 179 children in 
North Shields, where the fluoride content of the water 
was less than 0.25 parts per million (p.p.m.) and from 
220 children in West Hartlepool where the fluoride con- 
tent of the water was 2 p.p.m. The average rate of 
flow was determined and reported in terms of the num- 
ber of milliliters collected per five minutes. The aver- 
age rate for the children in North Shields was 7.9 with a 
standard deviation of 3.9 and for the children in West 
Hartlepool 6.7 with a standard deviation of 3.5. There 
was no significant difference between these rates of 
flow. These data would suggest that the higher 
fluoride content of the water in West Hartlepool had 
not induced any sustained increase in the rate of flow 
of stimulated saliva from the children in that area. 
This is in distinction to hypotheses from experimental 
data that injected fluoride caused an increase in the 
rate of salivary secretion following an increased blood 
flow through the glands.—J. H. SHaw 


The oral administration of fluoride effectively prevents 
caries in experimental animals. The mechanisms of this 
effect are explored in the following papers. Clinical results 
have shown a similar reduction in caries formation. 


The Effect of Fluorides on Dental Caries in Rats 
after Sialoadenectomy. J. H. Shaw, Oral Surg., Oral 
Med., Oral Path. 9: 1018, 1956. 

Caries-susceptible white rats were used to study the 
mechanism through which orally administered fluorides 
operate to reduce the initiation and progression of 
carious lesions in teeth that are fully formed at the be- 
ginning of the experiment. The influence of the in- 
gestion of a drinking solution containing 15 p.p.m. of 
fluoride as sodium fluoride was tested in intact rats and 
in their litter-mates who had had their principle salivary 
glands extirpated. Comparable caries reduction oc- 
curred as a result of the fluoride ingestion by intact and 
by operated animals. The subcutaneous injection of a 
comparable amount of fluoride was ineffective in both 
groups. In another experiment the ingestion of water 
containing 30 p.p.m. of fiuoride caused still greater re- 
ductions in dental-caries incidence among sialoadenec- 
tomized rats. In this case the injection of an amount of 
fluoride comparable to that orally consumed produced 
a significant reduction in the incidence of carious lesions 
but was still much less effective than by oral adminis- 
tration. These data suggest that there is little validity 
to an early postulate that the postdevelopmental in- 
fluence of fluoride in rats was attributable to a primary 
stimulation of the thyroid gland which resulted in a 
higher metabolic rate and a greater salivary flow.— 


J. H. 


Smooth Surface Caries in White Rats: Effects of 
Fluoride, Iodoacetate, Penicillin, Crisco, Butterfat and 
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a Salt Mixture. F. J. McClure, J. E. Folk and J. D. 
Rust. J. Am. Dent. A. 53:1, 1956. 

These investigators have previously published a 
series of investigations in which the production of ex- 
perimental caries on the smooth surfaces of rat molars 
has been described. In the present paper they report 
the results for a variety of modifications made in their 
basal caries-producing diet. It is noteworthy that all of 
these studies were conducted after the molar teeth were 
fully formed so that these effects must likely be medi- 
ated primarily through postdevelopmental or oral 
environmental channels. A supplement of 50 p.p.m. 
of fluoride supplied as sodium fluoride produced about 
90 per cent reduction. The incorporation of 20 p.p.m. 
of iodoacetic acid in the diet and an additional 200 
p.p.m. in the drinking water caused a reduction of about 
80 per cent in the caries score. The incorporation of 10 
units of penicillin in each gram of diet caused a reduc- 
tion in the average caries score per rat from 14.6 to 0.3. 
The addition of 13 per cent of butter fat or of Crisco 
to the basal caries-producing diet caused major in- 
creases in the number of caries-free rats and major 
decreases in the average caries score with the Crisco 
being appreciably more effective. The addition of 4 
per cent of the Osborne-Mendel salt mixture to the basal 
diet also caused a major reduction in the average caries 
score. In all these regards the smooth surface lesions 
responded in similar fashion to these agents as occlusal 
caries produced in other strains of rats by other caries- 
producing diets.—J. H. SHaw 


The Effect of Topical Application of Stannous Fluo- 
ride on the Incidence of Dental Caries in 6-Year-Old 
Children. G. L. Slack. British Dent. J. 101: 7, 1956. 

A 2 per cent aqueous unbuffered solution of stannous 
fluoride was prepared at the beginning of each session. 
The first permanent molars on the right side were 
treated with the solution and those on the left side 
served as controls. Two hundred and ninety-nine 
children completed the two year period of study. Dur- 
ing this observation period 21.1 per cent less new de- 
cayed teeth occurred among those treated with the 
stannous fluoride solution than among those teeth that 
were not treated. This reduction was appreciably less 
than the reduction reported for the same concentration 
of stannous fluoride by American investigators. The 
reason for the approximately three-fold difference is 
not obvious from the present data.—J. H. SHaw 


Uptake of Tin and Fluoride by Intact Enamel. F. 
Brudevold, L. T. Steadman, D. E. Gardner, J. Rowley 
and M. F. Little. J. Am. Dent. A. 53: 159, 1956. 

Intact enamel surfaces of extracted teeth were ex- 
posed to either a 1.86 per cent stannous fluoride solu- 
tion, a 4.12 per cent stannous chlorofluoride solution, a 
1.00 per cent sodium fluoride solution, or distilled water. 
The fluoride content of the first three solutions was 
identical. After exposure of these extracted teeth for 
20 minutes in these solutions with mild shaking, the 
teeth were removed and very carefully washed prior to 
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removal of the outside layers of the enamel for fluoride 
and tin determinations. The greatest fluoride uptake 
occurred in the enamel of teeth exposed to the sodium 
fluoride solution, followed by those in stannous fluoride 
solution, and then those exposed to stannous chloro- 
fluoride solution. No appreciable increase of tin oc- 
curred in the enamel of teeth exposed to sodium fluor- 
ide, while striking increases occurred in the enamel of 
those teeth exposed to either stannous fluoride or stan- 
nous chlorofluoride solutions. In a second similar ex- 
periment, intact enamel surfaces of teeth were exposed 
to 0.0214 per cent solution of sodium fluoride, a 0.04 
per cent solution of stannous fluoride and to a tooth- 
paste slurry containing 0.04 per cent stannous fluoride. 
The enamel of the teeth exposed to this dilute sodium 
fluoride solution had a higher fluoride content at the 
end of the experiment than did either those exposed to 
stannous fluoride or to the tooth paste slurry. No in- 
crease in tin content occurred in the enamel of teeth 
exposed to sodium fluoride solution or to the tooth 
paste slurry, whereas a high increase occurred among 
those teeth exposed to the stannous fluoride solution. 
These data point out clearly the fact that enamel is 
capable of increasing its tin and fluoride contents post- 
developmentally when exposed to solutions containing 
these elements.—J. H. SHaw 


Frequency of Fluoride Administration in Relation to 
Skeletal Storage. D. A. Weddle and J. C. Muhler. 
J. Dent. Res. 35: 65, 1956. 

A total of 112 rats were used to study the influence 
of the frequency of fluoride administration on the rate 
of storage of fluoride in the skeleton. The weight of 
fluoride ingested was the same per day for the rats in 
each of three groups, but the mode of administration 
was varied. The rats in the first group were provided 
ad libitum, at whatever intervals needed, with drinking 
water that contained sodium fluoride at a level to pro- 
vide five parts per million of fluoride. The rats in the 
second group received the same weight of fluoride by 
stomach tube once each day. The rats in the third 
group received the same weight of fluoride in three 
equal aliquots by stomach tube at intervals through 
the day. Some rats were maintained on experiment 
for 20 days, while others were kept for 40 days. 
The results from the two experimental periods were 
comparable. Both male and female rats stored between 
10 and 20 per cent less fluoride when the sodium fluoride 
was administered three times per day (Group 3) than 
when given by tube in a single feeding (Group 2), or 
when consumed ad libitum in small amounts from the 
water bottle throughout the day (Group 1). The 
rate of storage was almost identical for the rats in 
Groups 1 and 2. These results are quite unlike the 
usual expectation that any difference observed would 
be between Groups 1 and 2, with Group 3 intermediate. 
This study needs to be reinvestigated to determine 
whether the results are valid, and, if so, why less storage 
occurs with three times daily administration than at 
the two other time intervals.—J. H. SHaw 
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ITEMS OF GENERAL INTEREST 


Exogenous Hemochromatosis. Concept and Gen- 
eral Consideration. S. O. Schwartz. Am. J. Clin. 
Path. 26: 744, 1956. 

In exogenous hemochromatosis, spleen, kidney and 
bone marrow are more involved and contain larger 
amounts of iron than in endogenous hemochromatosis. 
These differences are thought to be due to the different 
portal of entry and the different amounts of iron in- 
volved under the two conditions. The more accentu- 
ated fibrosis seen in endogenous hemochromatosis is 
explained by the longer duration of the process. Early 
stages of exogenous hemochromatosis cannot be dis- 
tinguished from hemosiderosis, and advanced stages 
from endogenous hemochromatosis.—M. SILBERBERG 


Bony Dimensions and the Estimation of Men’s 

Reference Weight. J. Brozek. Science 124: 685, 
1956. 

An important weakness in all nutritional research is 
the absence of satisfactory criteria for either standard 
or average or optimal height-weight relationships. 
Even the commonly ised tables issued by the Metro- 
politan Life Insurance Company express weight at a 
given height in terms of small, medium, and large 
frame without, however, defining the frame. In this 
study of 238 firemen in Minneapolis with a mean age 
of 41.6 years, five bony dimensions were included. The 
bicrystal and biacromial diameters were included as 
measures of the ‘“‘width” of the frame. Formulae for 
the prediction of weight are derived from four bony 
dimensions. These seem to indicate mofe accurately 
the under- or over-development of soft tissue in a given 
individual. This would tend to improve the descrip- 
tion of leanness-fatness added to underweight-over- 
weight as a dimension in description »f the human body. 
—S. O. WAIFE 


Experimental Prolongation of the Life Span. F. 
Pope, W. Lunsford, and C. McCay. J. Chronic Dis. 
4: 153, 1956. 

The authors state that study of the diseases of old 
age can be carried out in animals. They stress the fact 
that this has not been done and give the reasons. 

Apparently, white rats with many of the terminal 
diseases of man grow old and die within a period of 
500 to 700 days. Old rats have fragile bones, decayed 
teeth, chronic lung disease, kidney disease, and tumors. 
The life span of the rat can be extended to as long as 
1400 days by dietary manipulation. This extension of 
life is accomplished by feeding diets which are excellent 
in quality but inadequate in quantity, so that growth 
is retarded. Such procedures of underfeeding pro- 
foundly modify terminal diseases. No statistics are 
given to support this last statement except the work 
of Moreschi with tumor transplants. 

Preliminary studies of parabiotic union between 
young and old rats are described. The results of these 


[Vol. 5, No. 1 


studies will be awaited with much interest.—K. R. 
CRISPELL 


Effect of Reduced Food Intake on Hyperlipoprotein- 
emia of Local Radiation Injury. N. Weiner, L. J. 
Milch, and G. E. Shults:; J. Appl. Physiol. 9: 88, 1956. 

Weight loss and hyperlipidemia was produced in 
rabbits by acute local radiation injury of the leg. 
Exposed animals were kept on Purina rabbit chow and 
water ad libitum. The quantity of food ingested was 
given to a control partner. Injured animals consume 
less food. The injured mate of a pair-fed duo loses 
weight and develops an elevated plasma lipid and lipo- 
protein level: the controls do not. The possibility 


exists that hyperlipidemia of injury may be due to 
voluntary food reduction —M. J. OPPENHEIMER 


Metalloenzymes and Myocardial Infarction. W. E. 
C. Wacker, D. D. Ulmer, and B. L. Vallee. New 


_ England J. Med. 255: 449, 1956. 


After an acute myocardial infarction there is a de- 
crease in the concentration of zinc in the human serum 
and an increase in the activities of lactic dehydrogenase, 
a zinc containing enzyme and malic dehydrogenase, 
another metalloenzyme. These marked changes occur 
soon after myocardial infarction and seem to be specific. 
Since the determination of zinc and these two metal- 
loenzymes are simple procedures and involve equipment 
available in most laboratories the authors suggest 
that these tests may be of value in the diagnosis of 
myocardial infarction —M. W. BaTEs 


Production of Aortic Rupture in Rats Fed Purified 
Diets and beta-Aminopropionitrile. J. J. Lalich. 
A.M.A. Arch. Path. 61: 520, 1956. 

Weanling Sprague-Dawley rats received 2 ml/kg 
beta-aminopropionitrile and diets enriched with casein 
and supplements of various vitamins and amino acids. 
The enriched rations not only failed to prevent the 
skeletal lesions of lathyrism, but induced aortic rupture 
as well. If pL-methionine was used as a dietary sup- 
plement, the incidence of aortic rupture rose to above 
50 per cent.—M. SILBERBERG 


The Effect on Digestibility of Methods Commonly 
Used to Increase the Tenderness of Lean Meat. 
J. H. Farrell. Brit. J. Nutrition 10: 111, 1956. 

A method for studying the effect of tenderizing meth- 
ods on the digestibility of lean meat is described. In 
each of 58 experiments two weighed portions of fried 
beefsteak—taken from similar portions of meat treated 
differently—were sewn into separate cotton-mesh bags 
which were then tied together and swallowed; on 
recovery from the feces the residues (if any) contained 
in the bags were examined and their weights com- 
pared. Five methods which may be used to improve 
the tenderness of meat were tested, and it was found 
that three of them (beating with a spiked hammer, 
treating with ‘‘Meatendra”’ or both) increased digesti- 
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bility considerably, i.e., from 16 to 37 per cent, but 
that two had no significant effect. It is suggested that 
the effectiveness of some of these methods in influencing 
digestibility is due to their ability to increase the sur- 
face area of the meat.—B. SuRE 


Life Span and Causes of Death of Inbred Mice in 
Relation to Diet. Y.Ch. P. Lee, M. B. Visscher, and 
J. T. King. J. Gerontol. 11: 364, 1956. 

Two hundred and fifty male mice of strain C3H were 
separated into 14 groups and from the time of weaning 
on fed diets of varying composition. Mice fed a semi- 
purified diet containing a modified Jones-Foster salt 
mixture developed a ‘“‘heart failure syndrome’ which 
could be delayed and reduced in incidence by caloric 
restriction alone or supplements of Vitamin E or By. 
This syndrome consisted of degeneration of muscle 
fibers of the myocardium, generalized edema with or 
without ascites and congestion of viscera. Fatal 
convulsions accounted for many deaths which were in- 
creased in incidence by a diet enriched with Crisco.— 
M. SILBERBERG 


Allergy in the Infant and Preschool Child. B. Rat- 
ner, L. V. Crawford, and J. G. Flynn. Am. J. Dis. 
Child. 91: 593, 1956. 

Detailed studies were made of 64 infants and pre- 
school children suffering from eczema, asthma, hay 
fever or urticaria. Subjects with gastrointestinal symp- 
toms were not included. In fifty the onset occurred 
during the first year. A positive family history was 
obtained in 31 of 62 families. Seventeen children 
(27 per cent) gave evidence by skin test of sensitivities 
to food which they had not previously ingested, findings 
which are explained by transplacental sensitization, 
particularly during the third trimester. In such 
circumstances of congenitally acquired allergy, mani- 
festations of contact dermatitis appeared very early 
during infancy. Eczema was the most frequent entity 
of the first year, asthma the most common after the 
second. Hay fever did not appear until 3 years of age. 
Thirty (47 per cent) had urticaria at one time or an- 
other. Among 49 children with eczema and asthma, 
28.5 per cent were sensitive to inhalants alone (ex- 
clusive of pollens and molds), 12.2 per cent to foods 
alone, 4.1 per cent to pollens alone and 55.2 per cent 
sensitive to all these allergens. There is a decreasing 
sensitivity to foods and increasing sensitivity to pollens 
as age progresses. The most common food sensitizers 
were fish (37 cases), egg (31), cereal grains (30), mus- 
tard family (30), rose family (27), nightshade family 
(25), walnut (23), and pea (22) families. In no case 
was there a reaction to milk alone, and in only 18 was 
there a reaction to milk as well as other allergens. 
A reaction to citrus fruits was found in 18 children 
(28 per cent). Sensitivity to a singie major pollen 
was rare, except for tree pollen. Thirty-three patients 
(52 per cent) showed peripheral eosinophilia at some 
time, and 33 of 37 (89 per cent) showed nasal eosino- 
philia at some time. Retardation of bone maturation 
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was found in twenty (31 percent). Response to “multi- 
faceted”’ therapy was good in 51 of 64 subjects and the 
duration of therapy exceeded four years in 41 patients. 
—T. C. Panos 


Diagnostic Significance of Changes in Free Esteri- 
fied and Protein-bound Cholesterol, Lipo- and Glyco- 
proteins in Lymphoma and Multiple Myeloma. S. I. 
Magalini, M. Stefanini, and H. M. Marin. Am. J. 
Med. Sc. 231: 155, 1956. 

The concentration of serum proteins, lipoproteins, 
and glycoprotein components, as well as_protein- 
bound cholesterol, was determined in 31 cases of lym- 
phoma, four cases of multiple myeloma, and in control 
subjects. In lymphoma, total cholesterol and esters 
were strikingly decreased in relapse, but reverted to- 
ward normal in remission. In patients with active 
disease, the protein-bound cholesterol in the albumin 
and alpha-globulin fractions was increased with a de- 
crease noted in the beta-globulin fraction. Lipoprotein 
changes were similar to those deséribed from protein- 
bound cholesterol but were less constant. A decrease 
of albumin and gamma-globulin and an increase in 
alpha-globulin-bound carbohydrate were observed in 
lymphoma cases. In multiple myeloma, the serum 
cholesterol levels were normal and were distributed 
among protein fractions as in the controls. Lipopro- 
teins and glycoproteins were preferentially distributed 
among the abnormal protein fractions. These changes 
are similar to those observed in the presence of liver 
disease. The cholesterol changes, together with the 
behavior of protein-bound cholesterol observed in pa- 
tients with lymphoma in the active stages, appear 
to be characteristic of the disease and may be of diag- 
nostic value.—C. R. SHUMAN 


Pathologic Changesin Gout. L. Lichtenstein, H. W. 
Scott, and M. H. Levin. Am. J. Path. 32: 871, 1956. 

The necropsy findings in 11 cases of gout are re- 
corded. Five patients dying of uremia showed vas- 
cular kidney disease or chronic pyelonephritis. Urates 
were deposited within the lumen of the collecting 
tubules. The kidney disease is not considered to be 
an entity. Nutritional factors apparently play only 
a minor role in the etiology of the disorder as com- 
pared to endogenous errors of protein metabolism.— 
M. SILBERBERG 


Metabolism, Growth and Renal Function of Piglets 
in the First Days of Life. R.A. McCance and E. M. 
Widdowson. J. Physiol. 133: 373, 1956. 

Piglets which were fed sow’s milk or evaporated milk 
from birth to 40 hours gained weight and retained 90 
per cent of the nitrogen in their food as body protein. 
Nitrogen appeared as the end product of protein metab- 
olism in the amount of 385 mg/kg/24 hours when sow’s 
milk was fed and 401 mg/kg/24 hours when the evapo- 
rated cow’s milk mixture was used. The figures were 


> 
= 
i 
i 
> 
a 
> 


102 THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


123 and 284 mg/kg/24 hours when glucose and water 
were the solutions utilized. Animals which fasted 
eliminated 194 mg/kg/24 hours. Urea clearances were 
a little higher when the intake of protein was great or 
the volume of urine was high. Urea concentration 
was depressed in body fluids when glucose was fed. 
In all other cases it was elevated. Liver weight in- 
creased more than body weight in fed animals but in 
fasting animals liver and kidneys lost more weight than 
the body in general. Since evaporated milk contained 
more salt than sow’s milk the former was associated 
with a large salt retention. It is concluded that the 
balance between anabolism and catabolism is more 
important in the first two post-natal days than small 
variations in urea or chloride clearances in maintaining 
a constant internal environment.—M. J. OPPENHEIMER 


Effect of Fertilizers on the Nutritional Value of Foods. 
L. A. Maynard. J. A. M. A. 161: 1478, 1956. 

Reviewing the effect of fertilizers on the nutritional 
value of foods, Dr. Maynard indicates that all avail- 
able evidence bears out the general conclusion that 
fertilization primarily affects yield rather than nutri- 
tional quality. Regarding the question of ‘‘organic’’ 
versus commercial fertilizers, he concludes that there 
is no evidence for the claim that commercial fertilizers 
result in a lowering of the nutritive value of our food 
supply. Research seems to indicate that crops grown 
in mineral-fertilized soils for many years were equal 
in their nutrient value to crops grown in soil enriched 
with manure or compost over the same period. Thus, 
the claims that chemical fertilizers are ‘‘devitalizing”’ 
our soil seem to be unfounded. No one questions the 
value of organic fertilizers, and perhaps the most ra- 
tional conclusion would seem to be, in the words of the 
author, that “both organic and inorganic fertilizers are 
required to provide the quantity of food needed by our 
population. Neither has been demonstrated to have 
an important effect in improving the nutritive value of a 
given food crop for man.’"—S. O. WaIFE 


Nutrition in Preventive Geriatrics. W. C. Martin. 
J. Am. Geriatrics Soc., 4: 609, 1956. 

The author states that “recent biochemical research 
has shown that imbalanced nutrition is a major cause 
of degenerative changes in the body.” He then dis- 
cusses in order, quality of foods, utilization of foods, 
and contamination. The data as presented do not 
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appear to establish his original statement regarding the 
imbalanced nutrition being a cause of degenerative 
disease in man. This review also suffers from the 
lack of presenting evidence of a nutritional imbalance 
in patients. In summary the author states that ‘‘de- 
generative disease can probably be controlled efficiently 
and economically through preventive measures based 
on sound principles of nutrition.”” The review as 
presented does not give convincing evidence to sub- 
stantiate this statement.—K. R. CrIsPELL 


Potential Role of Non-nutritive Food Additives and 
Contaminants as Environmental Carcinogens. W. C. 
Hueper. Arch. Path. 62: 218, 1956. 

This informative review deals with the possibly car- 
cinogenic role of food additives and contaminants widely 
used in the manufacturing and processing of food 
stuffs. The hazards of 20 groups of food additives and 
of 17 groups of food contaminants are discussed. 
Observations in man and animal including the experi- 
mental evidence are systematically analyzed.—M. 
SILBERBERG 


Two Unifactorial Characters for which Man is 
Polymorphic. A. C. Allison and K. G. McWhirter. 
Nature 178: 748, 1956. 

It is well known that man excretes the strongly 
odorous substance methanethiol (methyl mercaptan) 
after eating asparagus and it has been assumed that 
this finding is universal. 

There are, however, very large individual differences 
in this ability; some persons excreting detectable 
amounts after eating a few sticks of asparagus while 
others excrete no significant amount after eating as 
much as a pound of asparagus. In a random sample 
of 115 individuals, 46 were found to be excretors of 
methanethiol and 69 were non-excretors. Limited 
familial data suggest that the excretory character is 
controlled by a single autosomal, dominant gene. 

Another characteristic, occurring more rarely, is the 
appearance of a red coloration in the urine after eating 
beet root. It was found in 10 of 104 subjects and famil- 
ial data suggests that this character is controlled by a 
single, autosomal recessive gene. 

The genetic aspect of these two characteristics is 
discussed. They “identify two additional loci on 
human chromosomes and should prove of value in 
tests of genetic linkage.’"—F. E. 
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